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The ultimate goal of the modern day maize breeder is the development 
of superior hybrids. Through the development of improved source breeding 
populations that possess an increased probability of producing superior 
inbred lines, the maize breeder's goal can be more easily realized. 
Recurrent selection is a cyclical breeding procedure used widely in maize 
breeding programs to enhance maize germplasm resources. 
Iowa Stiff Stalk Synthetic (BSSS) is a maize population developed in 
the mid-1930's by intermating 16 inbred lines with above average stalk 
quality (Sprague, 1946). Since its development, BSSS has undergone 
continuous selection by way of three different recurrent selection methods 
(half-sib progeny, S2-progeny, and reciprocal recurrent selection). As a 
consequence of these selection programs, BSSS has contributed significantly 
to maize inbred and hybrid development programs, as evidenced by the 
production of several widely used inbred lines (B14, B37, B73, and B84) 
(Hallauer et al., 1983). 
In any recurrent selection program, progress from selection is 
directly related to the expected change in allelic frequency and the 
magnitude of genetic variance in the breeding population (Helms et al., 
1989a; Lamkey, 1992). Therefore, population improvement through recurrent 
selection methodology focuses on two main objectives. First, the 
improvement of the mean performance of a population through an increase in 
the frequency of favorable alleles. Second, maintaining adequate genetic 
variability in the improved population for continued selection and genetic 
enhancement. Continued advancement in these selection programs would be 
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aided by a knowledge of how the genetic structure of the BSSS populations 
per se have changed over time with continuous selection. 
This research consisted of two related experiments designed to 
estimate the mean performance and genetic parameters of important agronomic 
traits in BSSS per se populations following; seven cycles of HS progeny 
selection [BSSSCO vs BS13(S)C0], six cycles of S2-progeny selection 
[BS13(S)C0 vs BS13(S)C6J, and 11 cycles of RRS [BSSSCO vs BSSS(R)C11]. In 
the first experiment, genetic materials were primarily evaluated for grain 
yield of machine-harvested plots at multiple environments. The second 
experiment evaluated the genetic materials for 13 plant and ear traits 
measured from hand-harvested plots at two environments. The objective of 
this research was to determine if selection has changed the estimates of 
the population parameters for the traits of interest. 
Dissertation Organization 
This dissertation is written as two papers corresponding to the 
objectives of the two experiments as described above. The papers are 
preceded by a General Introduction section, including a General Literature 
Review, and followed by a General Conclusion section. References cited in 
the General Introduction and General Conclusion follow the General 
Conclusion. An Appendix section containing supplemental analyses tables is 
included as the last section of this dissertation. 
General Literature Review 
Recurrent selection methodology has been reviewed extensively by 
various authors (Comstock, 1964; Ballauer, 1985; Fehr, 1987; and Blackburn, 
1988). The intent of this review is not to provide another comprehensive 
report on recurrent selection. Instead, this review will concentrate on 
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providing background information relating more closely to the objectives of 
this study. Theoretical and empirical evaluations of half-sib (HS) 
progeny, S2-progeny, and reciprocal recurrent (RRS) selection programs in 
maize will be reviewed in an attempt to detail two questions. First, what 
effect does each selection method have on the mean performance of the 
population(s) undergoing selection? Second, how is the genetic variability 
of the population(s) affected by each method of recurrent selection? 
Effects of Selection on Population Mean Performance 
Average linear response to selection is a function of the method of 
selection, as well as, the "target population" on which performance is 
measured (Lamkey, 1992). In recurrent selection methods which involve the 
evaluation of testcrosses (HS and RRS), direct response to selection is 
measured in the population cross. Population per se performance in these 
types of selection programs is an indirect selection response measurement. 
In contrast, with selection methods involving the evaluation of inbred 
progenies (S2-progeny), the direct response to selection is measured in the 
population per se. Thus, genetic improvement through selection in the 
target population is the ultimate goal of recurrent selection. 
Several theoretical studies have been completed to evaluate the 
potential progress in different recurrent selection procedures. Comstock 
et al. (1949) compared the relative efficiency of recurrent selection for 
general combining ability (Jenkins, 1940), recurrent selection for specific 
combining ability (Hull, 1945), and reciprocal recurrent selection (RRS) 
(Comstock et al., 1949) methods based on theoretical considerations under 
three gene action models: partial dominance, complete dominance, and 
overdominance. They found that with partial dominance, recurrent selection 
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for general combining ability should provide rates of improvement superior 
to RRS. Under a model of complete dominance, reciprocal recurrent 
selection should provide the fastest rate of improvement in initial 
selection cycles, but recurrent selection for general combining ability 
would improve more rapidly in the long term. If overdominance exists at a 
considerable number of loci, recurrent selection for specific combining 
ability and RRS methods should be superior to recurrent selection for 
general combining ability. The authors concluded that under all genetic 
situations, RRS should generally be as effective as the other two methods. 
Cress (1966) presented a critical study using mathematical formulae 
to compared expected rates of progress from RRS and "within population 
selection" (WPS) systems under various genetic scenarios. For partial and 
complete dominance genetic systems, it was shown that WPS has a rate of 
progress greater than or equal to RRS when the sum of the gene frequencies 
of the dominant alleles in the two populations is greater than 1.0. RRS is 
generally superior to WPS at all gene frequencies in the case of 
overdominance and at gene frequency sums less than 1.0 for any level of 
dominance. For the situation of negative dominance, RRS has rates of 
progress superior to WPS when gene frequency sums are greater than 1.0, but 
the opposite is true when gene frequency sums are less than 1.0. 
In a theoretical investigation of intrapopulation recurrent selection 
methods, Empig et al. (1972) suggested that the most efficient selection 
methods for improving maize breeding populations were mass, modified ear-
to-row (HS selection), and Si selection. Choo and Kannenberg (1979) used 
computer simulation to study the relative efficiencies of these three 
selection methods under both additive and complete dominance models. They 
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found that Sj selection was the most efficient of the intrapopulation 
selection methods at improving population mean performance under both gene 
action models. These findings were in agreement with the expected gains 
for mass, modified ear-to-row, and Si selection methods reported by 
Eberhart (1972). 
Multiple empirical studies in maize have also been used to evaluate 
the progress from selection in different recurrent selection methods. A 
comprehensive review of the results of previous studies in a wide range of 
different maize populations was provided by Hallauer and Miranda (1988). 
This review will be limited to the results of studies concerned with the 
evaluation of Iowa Stiff Stalk Synthetic (BSSS) recurrent selection 
programs. 
Eberhart et al. (1973) evaluated seven cycles of HS progeny selection 
in BSSS using the double cross Ial3 as tester and five cycles of RRS in 
BSSS(R) and BSCBl maize populations. They reported a linear grain yield 
increase in the HS program of 2.6% per cycle in the population cross 
(direct response to selection) and an increase of 1.4% per cycle in the 
population per se (indirect response to selection). In the RRS program, 
the population cross improved 3.8% per cycle with no significant change 
(0.4% per cycle) in the BSSS population per se. 
Smith (1979) developed a model which adjusts observed selection 
response for changes in inbreeding depression in the improved populations. 
Using the data of Eberhart et al. (1973), Smith predicted yield responses 
in the HS program of 3.0 and 1.7% per cycle for the population cross and 
BSSS population per se, respectively. Predicted response to selection in 
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the HRS progrzun were 2.2 and 2.5% per cycle for the population cross and 
BSSS population per se, respectively. 
Progress from selection in BSSS populations after seven cycles of HS 
progeny selection, three cycles of S2-progeny selection, and ten cycles of 
RRS was evaluated in a study by Helms et al. (1989a). They reported a 
linear grain yield increase in the HS, S2-progeny and RRS programs of 8.6, 
4.4, and 8.9% per cycle in the BSSS populations per se, respectively. 
Selection response estimates in their study were adjusted for the effects 
of inbreeding due to small effective population size. 
Lamkey (1992) estimated the response to selection in BSSS populations 
after seven cycles of HS selection and after six cycles of S2-progeny 
selection. It was reported that grain yield increased at an average linear 
rate of 3.9% per cycle in the HS program. No significant grain yield 
response (0.2% per cycle) was observed in the Sj-progeny selection program. 
Eleven cycles of RRS between BSSS and BSCBl maize populations was 
evaluated for performance of the interpopulation cross by Schnicker and 
Lamkey (1993). A grain yield increase of 6.5% per cycle was reported. In 
a similar evaluation study, Keeratinijakal and Lamkey (1993a) reported a 
grain yield response in the interpopulation cross of 7.0% per cycle, but no 
significant change in the BSSS population per se. 
Effects of Selection on Genetic Variability 
Favorable changes in population mean performance with selection 
suggests an increase in the frequency of favorable alleles within the 
population for the trait(s) of interest. Under a model of complete 
dominance, increasing the frequency of the favorable allele through 
selection to a level greater than 0.25 would lead to a rapid decrease in 
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available additive variance (Falconer, 1989). Dominance variance decreases 
gradually at allelic frequencies greater than 0.5. In addition, additive 
and dominance variance can only be equal when allelic frequency is greater 
than 0.5. In the case of pure overdominance, changes in dominance variance 
are identical to the situation of complete dominance. Additive variance, 
however, reaches its maximum at allele frequencies of 0.15 and 0.85, and is 
zero at a frequency of 0.5. Lamkey and Hallauer (1986) estimated genetic 
variances and gene frequencies in BSSS from crosses of a random group of 
inbred lines developed from BSSSCO. Their results suggested a level of 
dominance for grain yield in the partial to complete dominance range with 
an average frequency of favorable alleles greater than 0.5 in BSSS. It is 
obvious when considering these situations that if the goal of long term 
recurrent selection is to increase the frequency of favorable alleles in a 
population, a characteristic decrease in total genetic variance in the 
population will be observed. Recombination of a limited number of 
individuals (high selection intensities) will also contribute to decreased 
genetic variance (Falconer, 1989). 
In a theoretical investigation of intrapopulation recurrent selection 
methods using computer simulation, Choo and Kannenberg (1979) were able to 
estimate changes in genotypic variances for mass, modified ear-to-row (HS 
selection), and Si selection procedures. They reported a decrease in 
genotypic variance with selection for all selection methods. The decrease 
observed for Si selection, however, was much more rapid for all 
heritability and selection intensity values than the other selection 
methods. 
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Hallauer (1970) reported a significant decrease in additive variance 
for grain yield in the interpopulation cross of BSSS and BSCBl maize 
populations after four cycles of RRS. A nonsignificant decrease in 
additive variance was also observed in the BSSS population per se. 
Dominance variance estimates remained unchanged for all population 
comparisons. 
Penny and Eberhart (1971) evaluated five cycles of RRS and observed a 
67% decrease in the amount of genetic variance for grain yield in BSSS(R) 
and BSCBl(R) populations per se when compared to the original unselected 
populations. 
Eberhart et al. (1973) found that even though small effective 
population sizes were used during seven cycles of HS selection, no 
indication of loss of genetic variability from inbreeding and selection was 
observed in the BSSS population. 
Genetic variance in BSSS populations after seven cycles of HS progeny 
selection, three cycles of S2-progeny selection, and nine cycles of RRS was 
evaluated in a study by Helms et al. (1989b). They reported a slight 
decrease in the total genetic variation for grain yield among S2 progenies 
present after HS selection and attributed the reduction to the increased 
level of inbreeding due to small effective population size. A 
nonsignificant increase in total genetic variance for grain yield was 
observed with S2-progeny selection. They also reported a near significant 
decrease in total genetic variance for grain yield with RRS in BSSS. 
In an evaluation of cycles zero through six of the HS selection 
program and cycles zero through five of the S2-progeny selection program in 
9 
BSSS, Lamkey (1992) found that the estimates of genetic variance for grain 
yield did not change significantly with selection. 
Schnicker and Lamkey (1993) reported a decrease in the genetic 
variance for grain yield in the interpopulation cross of BSSS and BSCBl 
populations with cycles of RRS. However, the genetic variance observed in 
the Cll X Cll population and the original population cross were not 
significantly different. 
After 11 cycles of RRS a significant loss in heterozygotes in the 
BSSS population per se due to the effects of random genetic drift was 
reported by Keeratinijakal and Lamkey (1993b) as an explanation for limited 
improvement for grain yield of the population per se. They also reported 
that RRS increased the level of heterozygosity in the population cross by 
selection for complementary loci with alleles in the partial to complete 
dominance range. Selection for complementary sets of loci and random 
genetic drift would result in an increase in heterozygosity of the 
population cross and a decrease in heterozygosity of the population per se, 
as has been observed by Keeratinijakal and Lamkey (1993a,b). 
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GENETIC VARIANCE ESTIMATION IN SELECTED AND UNSELECTED IOWA STIFF STALK 
SYNTHETIC MAIZE POPULATIONS 
A paper to be submitted for publication in Crop Science 
Joel F. Holthaus and Kendall R. Lamkey 
ABSTRACT 
Recurrent selection is a cyclical breeding procedure that focuses on 
improving the mean performance of a population by increasing the frequency 
of favorable alleles, while maintaining adequate genetic variability for 
continued selection. Iowa Stiff Stalk Synthetic (BSSS) is a maize 
population that has undergone continuous recurrent selection for more than 
50 years as the base population for two independent selection programs 
(intra- and inter-population). 
This study was designed to estimate the mean performance and 
important genetic parameters in BSSS after: seven cycles of half-sib (HS) 
progeny selection [BSSSCO vs BS13(S)C0], six cycles of S2-progeny selection 
[BS13(S)C0 vs BS13(S)C6], and 11 cycles of reciprocal recurrent selection 
(RRS) [BSSSCO vs BSSS(R)C11]. A Design II (cross-classified) mating design 
was constructed to give direct estimates of additive and dominance variance 
in the individual populations. Fourteen sets of 4 male by 4 female matings 
for each of the four populations were evaluated in a randomized incomplete 
block (Reps/Sets) experiment grown in six environments. 
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HS progeny and HRS methods have produced the most effective mean 
performance responses for grain yield in the populations per se, 0.076 and 
0.104 Mg ha~^  cycle"^  respectively. Sj-progeny selection in BSSS, with a 
response of 0.052 Mg ha~^  cycle"^ , has not performed up to theoretical 
expectations. Genetic variance component estimates for grain yield seem to 
support the suggestion that dominance variance is an important component in 
BSSS germplasm. Although additive variance decreased slightly, high 
heritability estimates and adequate additive variation remaining suggests 
that further population improvement via each selection method should be 
achieved. Mean performance and estimated genetic variability for other 
important agronomic traits (grain moisture, root and stalk lodging, and ear 
height) generally showed favorable response to selection. 
INTROOUCIION 
Recurrent selection is a cyclical breeding procedure used widely in 
maize breeding programs to enhance maize germplasm resources. Population 
improvement via recurrent selection methodology focuses on two main 
objectives. First, the improvement of the mean performance of a population 
through an increase in the frequency of favorable alleles. Second, 
maintaining adequate genetic variability in the improved population for 
continued selection and genetic enhancement. It is through the development 
of improved populations, possessing an increased probability of producing 
superior inbred lines, that the ultimate goal of the maize breeder, the 
development of superior hybrids, can be achieved. 
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Iowa Stiff Stalk Synthetic (BSSS) is a maize population developed in 
the mid-1930's by intermating 16 inbred lines with above average stalk 
quality (Sprague, 1946). Since its development, BSSS has undergone 
continuous recurrent selection for more than 50 years as the base 
population in two independent selection programs (intra- and inter-
population) . The intra-population program included seven cycles of half-
sib (HS) selection with the double-cross tester Iowa 13 [BSSS(HT)Cn], 
followed by six cycles of S2-progeny selection [BSl3(S)Cn], which continues 
to date. The inter-population program included 11 cycles of reciprocal 
recurrent selection (RRS) using BSSS, designated BSSS(R)Cn, and Iowa Corn 
Borer Synthetic #1 [BSCBl(R)Cn] as base populations undergoing simultaneous 
improvement. As a consequence of these selection programs, BSSS has 
contributed significantly to maize inbred and hybrid development programs, 
as evidenced by the development of several widely used inbred lines (B14, 
B37, B73, and B84) (Hallauer, et al., 1983). 
Continued advancement in these selection programs would be aided by a 
knowledge of how the genetic structure of the BSSS populations per se have 
changed over time. This study was designed to estimate the mean 
performance and genetic parameters (additive and dominance variances and 
their interactions with environments, heritability, and phenotypic and 
additive genetic correlations) of important agronomic traits in BSSS per se 
populations. Estimates for grain yield, grain moisture, root and stalk 
lodging, and ear height were compared following; seven cycles of HS progeny 
selection (BSSSCO vs BS13(S)C0], six cycles of S2-progeny selection 
[BS13(S)C0 vs BS13(S)C6], and 11 cycles of SRS [BSSSCO vs BSSS(R)C11]. The 
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objective was to determine if selection has changed the estimates of the 
population parameters. 
MATERIALS AND METHODS 
Genetic Materials Evaluated 
BSSS was developed in 1934 to 1935 by intermating 16 inbred lines 
possessing above average stalk quality (Sprague, 1946). In 1939, half-sib 
(HS) progeny recurrent selection using the double-cross tester Iowa 13 
[(L317 X BL349) x (BL345 x MC410)] was initiated in the BSSS base 
population (BSSSCO). The procedures for conducting seven cycles of HS 
selection in this population were described by Eberhart et al. (1973) and 
Lamkey et al. (1991). After completing seven cycles of selection, the 
program was changed to S2-progeny recurrent selection in the population now 
designated BS13(S)C0. BS13(S)C0 was developed directly from the seventh 
cycle population of the HS program by imposing selection for agronomic 
traits (Lamkey, 1992). Six cycles of Sj-progeny selection were completed 
to produced the advanced cycle population BS13(S)C6 (Helms et al., 1989a; 
and Lamkey, 1992). 
In 1949, RRS was initiated in the BSSS and Iowa Corn Borer Synthetic 
#1 (BSCBl) maize populations. The base population, BSSSCO, used in this 
program, is identical to the original BSSS population used in the 
previously mentioned intra-population selection program. Details of 11 
cycles of this inter-population selection program were outlined by Penney 
and Eberhart (1971) and Keeratinijakal and Lamkey (1993a). In both 
independent selection programs (intra- and inter-population), grain yield 
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was the primary trait under selection, with secondary selection pressure to 
maintain low grain moisture at harvest and increase resistance to root and 
stalk lodging. 
The genetic materials evaluated in this study were produced from the 
original BSSS population (BSSSCO), and three populations derived from 
BSSSCO by selection: the population after seven cycles of HS-progeny 
selection [BS13(S)C0], the population after an additional six cycles of S2-
progeny selection [BS13(S)C6], and the population after 11 cycles of RRS 
[BSSS(R)C11]. Starting in the 1989 breeding nursery, a North Carolina 
Design II (cross-classification) mating design was developed within each of 
the four populations. A series of half- and full-sib progenies were 
developed within each population by crossing four males (SQ plants) to each 
of four females (Si progenies). Sj progenies were developed in the 1988 
breeding nursery by selfing random SQ plants from each population. Each 
male was crossed to several plants within a Si progeny and the resulting 
seed was bulked to obtain a representative sample of the gametic array of 
the original SQ female plant (Ballauer and Miranda, 1988). The average 
number, variance, and range of Si plants sampled per female within each 
population were: 9, 11.1 and 1 to 19 for BSSSCO; 9, 8.4 and 4 to 19 for 
BS13(S)C0; 13, 7.8 and 4 to 20 for BS13(S)C6; and 13, 7.5 and 5 to 20 for 
BSSS(R)C11. Thus, each set of four by four matings produced progenies from 
a sampling of eight random plants within each population. To achieve a 
reasonable sample of individuals, fourteen sets of four by four matings 
were constructed within each population, yielding a total sampling of 112 
random SQ plants from each population. Therefore, 224 full-sib progenies 
15 
(14 sets of 16 progenies) from each population were produced for field 
evaluation. 
Experimental Design and Procedures 
Fourteen sets equaling 896 entries (full-sib progenies) were 
evaluated in a replications-within-sets (Reps/Sets) randomized incomplete 
block experiment (Comstock and Robinson, 1948). Because of insufficient 
seed supply, eight entries were replaced with hybrid filler in all 
environments. Each set included 16 full-sib progenies from each of the 
four individual populations completely randomized within each of two 
replications. The study was grown at Ames, Ankeny, and Crawfordsville, 
Iowa in 1992; and Ames, Ankeny, and Martinsburg, Iowa in 1993. Each 
location by year combination was considered to be a different random 
environment. A plot consisted of two machine-planted rows 5.49 m long 
(center of alley to center of alley) with 0.76 m between rows. Plots were 
overplanted and thinned to an uniform plant density of approximately 62,165 
plants ha~^ . All experiments were machine-cultivated and/or hand weeded as 
necessary for proper weed control. 
Data were collected for machine-harvestable grain yield (Mg ha"^ ) 
adjusted to 155 g kg"^  grain moisture, grain moisture (g kg"^ ) at harvest, 
stand (1000 plant ha~l), root lodging (% of plants leaning more than 30° 
from vertical), stalk lodging (% of plants broken at or below the primary 
ear node), and ear height (cm). Ear heights were calculated as the average 
measurement of 10 competitive plants per plot, measured as the distance 
from the soil surface to the highest ear-bearing node. All traits were 
evaluated at each environment, except for ear height, which was not 
recorded at Ankeny or Martinsburg, Iowa in 1993. Because uniform plant 
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stands were not achieved, grain yield data was adjusted for plant 
population by covariance analysis. 
Statistical Methods 
Analyses for all traits were calculated on the basis of plot mean 
data. The data for each trait were analyzed by pooling over sets and 
combining across environments (location by year combinations) in the 
general analyses (Table 1), with all effects in the model considered 
random. The sums of squares for among entries, among entries by 
environments, and pooled error were partitioned into sources of variation 
due to among and within populations. Because of the missing entries, 
within population degrees of freedom were adjusted appropriately. Means 
were calculated for the four populations based on the number of full-sib 
progenies within each population. The variances of the population means 
were calculated as the mean square for genotypes within population within 
sets for the appropriate population divided by the total number of 
observations in the mean. The among population sums of squares were then 
further partitioned into three contrasts (1 non-orthogonal and 2 
orthogonal) to compare the effect of seven cycles of HS progeny selection 
[BSSSCO vs BS13(S)C0], six cycles of S2-progeny selection [BS13(S)C0 vs 
BS13(S)C6], and 11 cycles of RRS [BSSSCO vs BSSS(R)C11]. Contrast mean 
squares were tested for significance using the corresponding interaction 
with environments mean squares. 
Analyses for individual populations pooled over sets and combined 
across environments were calculated (Table 2) to partition the within 
population variation for each population into male, female, and male by 
female interaction sources of variation. Because the missing entries 
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caused some of the four by four sets to be unbalanced, the appropriate male 
or female was deleted yielding some three by four balanced sets. Because 
the mean squares for the male and female sources of variation have the same 
genetic expectation, their degrees of freedom and sums of squares were 
pooled to give more precise estimates of the variation among half-sib 
families. The within population by environment interaction degrees of 
freedom and sums of squares were partitioned similarly. Within population 
error mean squares were used to test the significance of the within 
population by environment interaction sources of variation. The 
appropriate interaction mean square terms were then used for testing the 
within population components. Since direct tests of the male, female, and 
pooled components were not available, Satterthwaite's (1946) approximation 
was used to construct the appropriate f-test. 
The genetic-statistic model of the Design II as proposed by Comstock 
and Robinson (1948) was followed for translating the covariances of 
relatives, provided by the analysis of variance, into appropriate genetic 
components of variance for the situation in which the inbreeding 
coefficient of the parents is zero (F = 0). Additive genetic (o^ a)/ 
dominance genetic (o^ n), additive by environment (o^ ;^ ), dominance by 
environment (o^ de), and error (o^ g) variance component estimates were 
calculated by equating the observed mean squares to the expected mean 
squares and solving the resulting system of equations. Additive and 
additive by environment variance components estimates were calculated using 
the male and female pooled and its interaction with environments mean 
sq[uares, respectively. Approximate 90% confidence intervals were 
calculated for each variance component estimate according to the procedures 
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of Burdick and Graybill (1992). Variance component estimates were deemed 
significantly different from zero if the approximate 90% confidence 
interval did not bracket zero. Comparable component estimates across 
populations were considered not significantly different if their confidence 
interval estimates overlapped. Heritabilities and their respective exact 
90% confidence intervals (Knapp and Bridges, 1987) were estimated on a 
half-sib progeny mean basis for individual traits within each population. 
Phenotypic and additive genetic correlations among traits within 
populations were calculated from the appropriate covariance components 
(Mode and Robinson, 1959). 
RESULTS 
The average grain yield across all environments was 4.56 Mg ha~^  with 
a mean coefficient of variation (CV) of 15.4%. Mean grain yields ranged 
from 2.18 Mg ha~l (Martinsburg, 1993) to 7.75 Mg ha~^  (Ankeny, 1992) with 
mean CVs ranging from 9.2% (Ames, 1992) to 22.3% (Martinsburg, 1993). Mean 
grain moisture ranged from 191 g kg"l (Ames, 1992) to 283 g kg~^  (Ames, 
1993) with CVs consistently below 7.0%. Because of excessive rainfall and 
below normal temperatures at all locations during the 1993 growing season, 
grain yields were less than 50% of the 1992 averages and grain moistures 
were approximately 25% wetter at harvest. The percentages of root and 
stalk lodged plants averaged across all environments were 2.5% and 10.5%, 
respectively. Mean ear heights ranged from 90 cm (Crawfordsville, 1992) to 
121 cm (Ankeny, 1992). 
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Among Population Analysis and Means 
The among population analyses of variance pooled over sets and 
combined across environments showed that the differences among populations 
for grain yield (Table 3), grain moisture (Table 4), root lodging (Table 
5), stalk lodging (Table 6), and ear height (Table 7) were highly 
significant (P £ 0.01). Grain yield comparisons in the populations before 
and after selection were highly significant for each of the selection 
programs: seven cycles of HS progeny selection [BSSSCO vs. BS13(S)C0], six 
cycles of S2-progeny selection [BS13(S)G0 vs. BS13(S)C6], and eleven cycles 
of RRS [BSSSCO vs. BSSS(R)C11] (Table 3). Population means for grain yield 
of the four BSSS populations are provided in Table 8. Seven cycles of HS 
progeny selection in BSSS produced a mean grain yield increase of 0.53 Mg 
ha~^  or 1.9% cycle"^ . Six cycles of S2-progeny selection in the same 
program resulted in an additional mean grain yield increase of 0.31 Mg ha~^  
or 1.2% cycle"^ . Total grain yield gain in the intra-population selection 
program was, therefore, 0.84 Mg ha"^  or 1.6% cycle"^ . After 11 cycles of 
RRS, BSSS population per se grain yield increased at a rate of 2.6% 
cycle"^ , for a total gain of 1.14 Mg ha~l. Frequency distributions for 
grain yield of full-sib progenies in the four BSSS populations are shown in 
Fig. 1. Mean grain yield increases of two-thirds to two phenotypic 
standard deviations were accompanied by a reduction in the range of the 
distribution of approximately two phenotypic standard deviations, while 
maintaining approximate normality. 
Although highly significant mean square values for grain moisture at 
harvest for the three population comparisons were obtained (Table 4), mean 
grain moisture differences were only agronomically meaningful in the RRS 
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program (Table 8). The average grain moisture remained relatively constant 
after 13 cycles of intra-population selection and increased only slightly 
(8 g kg"^ ) with 11 cycles of RRS. For root lodging, BSSSCO vs. BS13(S)C0 
and BSSSCO vs. BSSS(R)C11 comparisons were highly significant, while the 
BS13(S)C0 vs. BS13(S)C6 comparison was significant (P £ 0.05) (Table 5). 
Mean root lodging increased with HS progeny selection, but decreased with 
S2-progeny and RRS (Table 8). All population comparisons for stalk lodging 
were highly significant (Table 6), with mean stalk lodging decreasing with 
HS progeny and RRS, and increasing with Sj-progeny selection. Although all 
population means for root and stalk lodging were statistically different, 
the magnitude of the differences was relatively unimportant. Population 
comparisons for ear height were all highly significant, with the BSSSCO vs. 
BSSS(R)C11 comparison producing a mean square seven times greater than the 
other comparisons (Table 7). All three selection methods resulted in 
decreasing mean ear height, with decreases of 1.0 and 1.8 cm cycle"^  for 
the intra- and inter-population methods, respectively (Table 8). 
Within Population Analysis and Estimated Genetic Variances 
The within population analyses of variance for individual populations 
pooled over sets and combined across environments are provided for grain 
yield (Table 9), grain moisture (Table 10), root lodging (Table 11), stalk 
lodging (Table 12), and ear height (Table 13). For all traits, mean square 
values for male, female, male and female pooled, male by female, and their 
appropriate interaction with environments mean squares were generally 
significant or highly significant. The interaction with environments 
terms, however, were generally magnitudes smaller than the main effect 
terms. The significance of the within population sources of variation 
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suggested that significant genetic variation among the half-sib and full-
sib progenies was generally present in each population for all traits. 
Genetic variance component estimates for all traits within individual 
populations are shown in Table 14. Of 16 genetic variance component 
estimates for grain yield in the four BSSS populations, only the estimate 
of the dominance by environment component in BSSS(R)CI1 was not 
significantly different from zero. In the original BSSS population, 
additive and dominance variance contributed equally to the total genetic 
variation. The only significant change in component estimates after seven 
cycles of HS progeny selection in BSSS was a 91% increase in additive by 
environment interaction variance. Additive and dominance variance 
component estimates, however, were reduced by a nonsignificant 32 and 50%, 
respectively. Six cycles of S2-progeny selection produced no significant 
changes in any of the variance component estimates. Dominance variance 
increased by approximately 51%, however. Although all variance component 
estimates were reduced after 11 cycles of RRS, the virtual depletion of 
dominance and dominance by environment interaction variance (76 and 91% 
decreases, respectively) were the only significant changes. 
The majority of the total genetic variance for grain moisture in all 
four BSSS populations was additive with all variance component estimates 
significantly different from zero, except for the estimate of dominance by 
environment variance in BSSSCO. Dominance, additive by environment, and 
dominance by environment variance component estimates, however, were of 
relatively unimportant magnitude. The only significant change in variance 
component estimates after 7 cycles of HS progeny selection was a 76% 
increased in additive by environment interaction variance. Six cycles of 
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S2-progeny selection produced no significant changes in any of the variance 
component estimates. Additive and dominance variance component estimates, 
however, were reduced by a nonsignificant 28 and 32%, respectively. Eleven 
cycles of RRS significantly increased the amount of additive and dominance 
by environment interaction variance. 
Six of 16 variance component estimates for root lodging were not 
significantly different from zero. Total genetic variance was composed of 
mainly additive variance, with dominance variance virtually zero in all 
four BSSS populations. Genetic variance by environment interaction 
component estimates were generally more important than their genetic 
variance component counterparts. Additive, additive by environment, and 
dominance by environment variance increased significantly with HS progeny 
selection. S2-progeny selection produced a significant decrease in the 
amount of additive by environment variance. Additive and additive by 
environment interaction variances were virtually depleted with RRS. 
For stalk lodging, five of 16 variance component estimates were not 
significantly different from zero. Additive variance represented the 
largest portion of total genetic variance in all four BSSS populations. 
Dominance and additive by environment variances were reduced significantly 
with HS selection. S2-progeny selection produced no significant changes in 
variance component estimates. Eleven cycles of RRS significantly decreased 
the amount of available additive, dominance, and additive by environment 
interaction variance. 
Total genetic variance for ear height was represented mainly by 
additive variance in all four BSSS populations, with three of four 
dominance by environment interaction component estimates not significantly 
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different from zero. Dominance variance was reduced significantly with HS 
progeny selection. Variance component estimates were unchanged with S2-
progeny selection. RRS significantly reduced the amount of available 
dominance variance. 
Heritability Estimates 
Heritability estimates on a half-sib progeny mean basis for grain 
yield, grain moisture, root lodging, stalk lodging, and ear height measured 
in four BSSS populations combined across environments were all 
significantly different from zero based on exact 90% confidence intervals 
(Table 15). Heritability estimates were a direct reflection of the 
importance of additive genetic variance for the trait and population of 
interest. Heritability estimates for grain yield and moisture decreased 
with HS progeny selection and increased with RRS, but only the increase for 
grain moisture under RRS was significant based on confidence intervals. 
Beritabilities for both root and stalk lodging showed a relatively drastic 
decrease after 11 cycles of RRS, although the differences only approached 
statistical significance. Ear height heritability estimates remained 
virtually constant under all selection methods. 
Phenotypic and Additive Genetic Correlations 
Phenotypic and additive genetic correlations among five traits in 
four BSSS populations combined across environments are provided in Table 
16. Grain yield had significant phenotypic correlations with grain 
moisture in BSSS(R)C11, root and stalk lodging in BS13(S)C6, and ear height 
in BS13(S)C0 and BSSS(R)Cll. Root lodging was correlated with stalk 
lodging in BSSSCO and ear height in all four BSSS populations. The highly 
significant phenotypic correlation between root lodging and ear height was 
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the only correlation to show a consistent trend across populations. 
Genetic correlations generally mirrored phenotypic correlation results with 
no obvious trends or patterns developing across the three selection 
methods. 
DISCUSSION 
Effects of Selection on Population Mean Performance 
Measurement of the average linear response to selection of the 
various traits was based on population per se performance. Therefore, it 
is important to remember that changes measured in HS and RRS programs are 
indirect responses to selection, while those measured in S2-progeny 
selection programs are direct responses to selection. 
Half-sib Progeny Selection 
HS progeny selection was effective for improving the mean grain yield 
in the BSSS population per se. Seven cycles of HS progeny selection 
resulted in an indirect response of 0.076 Mg ha"^  cycle"^ . These findings 
are similar to the results of 0.074 Mg ha~^  cycle"^  for Eberhart et al. 
(1973) and 0.091 Mg ha"^  cycle"^  for Smith (1979). However, estimates of 
0.344 Mg ha"^  cycle"! and 0.164 Mg ha"! cycle"! by Helms et al. (1989a) and 
Lamkey (1992), respectively, do not agree particularly well with our 
results. Differences among studies in the average linear rate of response 
may be a function of the environments in which the materials were evaluated 
and differences in methods of calculating response. Population per se 
performance estimates in our study were confounded with the effects of 
inbreeding due to small effective population size, whereas the estimates 
provided by Helms et al. (1989a) were adjusted for these effects. These 
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findings support the fact that HS selection in BSSS has effectively 
increased the frequency of favorable alleles for grain yield. 
Responses to HS selection of the agronomic traits undergoing 
secondary selection pressure were generally in a favorable direction. 
Grain moisture at harvest and percent stalk lodged plants remained 
relatively constant or decreased slightly with selection which was 
generally the trend with other evaluation studies (Eberhart et al., 1973; 
Helms et al., 1989a; and Lamkey, 1992). Percent root lodged plants, 
however, increased slightly as a consequence of the direction of the 
selection differential as reported by Lamkey (1992). Average ear height 
decreased significantly (1 cm cycle"^ ) with HS selection, even though no 
selection pressure was applied to the trait. 
S2 Progeny Selection 
Average linear direct response to selection for grain yield in the 
BSSS population per se after six cycles of S2-progeny selection was 0.052 
Mg ha"l cycle"^ , intermediate to estimates of 0.009 Mg ha"^  cycle"^  and 
0.226 Mg ha~^  cycle'^  obtained by Lamkey (1992) and Helms etal. (1989a), 
respectively. The response seen in our study and that of Lamkey (1992) 
does not support the theoretical superiority of S2-progeny selection 
methods. As Lamkey (1992) suggested, the lack of response in this 
selection program could be a result of random genetic drift because the 
estimated level of inbreeding in BS13(S)C6 is approximately 45%. The 
results of Helms et al. (1989a) which were adjusted for the effects of 
inbreeding due to small effective population size show much greater 
response to selection. 
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The selection responses for grain moisture (-0.7 g kg"^  cycle~l) and 
percentage of root lodging (-0.15% cycle"^ ) were in the desired direction, 
a trend consistent with the results of Helms et al. (1989a) and Lamkey 
(1992). Percentage of stalk lodging, however, increased with selection at 
a rate of 0.4% cycle"^  which was not considered agronomically important. 
Ear height decreased with S2-progeny selection at the same rate as was 
found in the HS selection program (1 cm cycle"^ ). 
Reciprocal Recurrent Selection 
RRS was effective for improving the mean grain yield in BSSS 
populations per se. After 11 cycles of RRS, average indirect response in 
the population per se was 0.104 Mg ha~l cycle"^ , compared to 0.060 Mg ha~^  
cycle"^  from Keeratinijakal and Lamkey (1993a) and 0.356 Mg ha~l cycle"^  
from Helms et al. (1989a). The expected response to RRS in the populations 
per se is low for two reasons. First, change in per se performance of 
populations undergoing RRS methods is an indirect response to selection. 
Second, increased levels of inbreeding due to small effective population 
size are evident in the populations per se. When responses are adjusted 
for the effects of inbreeding, population per se performance is greatly 
increased (Smith, 1979; Helms et al., 1989a; Keeratinijakal and Lamkey, 
1993b). Therefore, random genetic drift is largely responsible for the 
small response to selection observed in the populations per se. Our study, 
however, produced a grain yield response that was more favorable than 
previous studies where response was also not adjusted for random genetic 
drift. Our results, suggest that RRS has been effective at increasing the 
frequency of favorable alleles for grain yield in the population per se. 
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Grain moisture in the BSSS population per se increased significantly 
with RRS (0.7 g kg~l cycle"^ ). Smith (1983) and Keeratinijakal and Lamkey 
(1993a) reported little or no effect of selection for grain yield, while 
Helms et al. (1989a) found an increase of (1.2 g kg~l cycle"^ ). In 
agreement with the results of Keeratinijakal and Lamkey (1993a), our study 
showed favorable response to selection for root and stalk lodging, -0.1% 
cycle~l and -0.5% cycle"^ , respectively. Decreasing ear height in the 
population per se is also consistent with the report of Keeratinijakal and 
Lamkey (1993a). 
Effects of Selection on Genetic Parameters 
Favorable changes in the mean performance of the populations with 
selection suggest an increase in the frequency of favorable alleles. Under 
a model of complete dominance, increasing the frequency of the favorable 
allele through selection to a level greater than 0.25 would lead to a rapid 
decrease in available additive variance (Falconer, 1989). Dominance 
variance decreases gradually at allelic frequencies greater than 0.5. In 
addition, additive and dominance variance can only be equal when allelic 
frequency is greater than 0.5. The apparent changes in additive and 
dominance variance for grain yield found in our study tend to support this 
theory. Additive and dominance variance for grain yield in BSSS were 
generally of equal importance. For other agronomic traits in BSSS, 
additive genetic variance appeared to be much more important than dominance 
variance. Additive by environment and dominance by environment interaction 
variance component estimates were generally of little importance. 
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Half-sib Progeny Selection 
HS progeny selection produced changes in the genetic variance 
component estimates for grain yield that were very consistent with the 
results reported by Stucker (1989). Additive variance was reduced only 
slightly, while additive by environment interaction variance increased 
significantly. Dominance and dominance by environment interaction variance 
tended to decrease at a greater rate than the additive variance. Helms et 
al. (1989b) reported a slight decrease in the total genetic variation among 
S2 progenies present after HS selection and attributed the reduction to the 
increased level of inbreeding due to small effective population size. This 
may also explain the slight decrease in total genetic variance that was 
observed in our study. HS selection has been effective at increasing the 
frequency of favorable alleles, as determined by significant increases in 
population per se performance, which may also contribute to a loss in 
genetic variation. 
Additive and dominance variance estimates for grain moisture remained 
virtually unchanged with HS selection, while their environmental 
interaction counterparts increased slightly in magnitude. Stucker (1989) 
reported a significant decrease in both additive and dominance variance for 
grain moisture. Helms et al. (1989b) showed a nonsignificant decrease in 
total genetic variance after HS selection. All variance component 
estimates for root lodging were very small, although, significant increases 
in additive, additive by environment, and dominance by environment 
components were found in our study. A significant increase in total 
genetic variation for root lodging was also reported by Helms et al. 
(1989b). Dominance and additive by environment interaction components of 
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variance for stalk lodging decreased significantly, in our study. A 
decreasing trend was reported by Stucker (1989) for all variance component 
estimates. No significant changes in variance component estimates for ear 
height were detected, however, a decrease in dominance variance approached 
significance. 
82 Progeny Selection 
S2-progeny selection produced unexpected changes in the genetic 
variance component estimates for grain yield. Additive variance remained 
unchanged while dominance variance showed a relatively large increase with 
selection. Helms et al. (1989b) reported a nonsignificant increase in 
total genetic variance for grain yield after three cycles of selection. In 
an evaluation of cycles zero through five of the Sj-progeny selection 
program, Lamkey (1992) found that the estimates of genetic variance for 
each cycle were significantly different from zero. From the unexpected 
changes in genetic variance and observed response to selection, it appears 
that per se selection has not been able to capitalize on the available 
additive genetic variance in BSSS, because the additive variance is a small 
proportion of the total genetic variance when compared to other maize 
populations (Hallauer and Miranda, 1988). An increased level of inbreeding 
due to small effective size has apparently also had no effect on the amount 
of genetic variability in this BSSS population. 
All variance component estimates for grain moisture showed a 
declining trend with per se selection, but none of the changes were 
significant. Total genetic variance in the study of Helms et al. (1989b) 
also showed a slight decrease over selection cycles. A decrease in 
additive by environment interaction variance was the only significant 
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change in variance component estimates for root lodging in our study. 
Helms et al. (1989b) reported a near significant decrease in genetic 
variance for this trait. No significant changes were detected with the 
estimated variance components for stalk lodging, although no dominance 
variance remained for this trait after selection. A slight increase in 
genetic variance was found by Helms et al. (1989b). Variance component 
estimates for ear height showed no significant changes over cycles of S2-
progeny selection. 
Reciprocal Recurrent Selection 
Reduction in all variance component estimates for grain yield was 
detected in the BSSS population per se after 11 cycles of RRS. Dominance 
and dominance by environment interaction variances were reduced 
significantly, with an estimate of dominance variance approaching zero and 
the elimination of dominance by environment interaction variance. Hallauer 
(1971) found similar trends after four cycles of selection. Helms et al. 
(1989b) reported a near significant decrease in total genetic variance in 
BSSS after nine cycles of selection. A rather large decrease in total 
genetic variance (approximately 50%) in the population per se was 
accompanied by only moderate mean performance increases. A significant 
loss in heterozygotes in the population per se due to the effects of random 
genetic drift was reported by Keeratinijakal and Lamkey (1993b) as an 
explanation for limited improvement for grain yield of the population per 
se. They also reported that RRS increased the level of heterozygosity in 
the population cross by selection for complementary loci with alleles in 
the partial to complete dominance range. Selection for complementary sets 
of loci and random genetic drift would result in an increase in 
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heterozygosity of the population cross and a decrease in heterozygosity of 
the population per se, as has been observed by Keeratinijakal and Lamkey 
(1993a,b). The decrease we observed in dominance variance in BSSS after 11 
cycles of RRS is in agreement with these findings. 
Additive genetic variance for grain moisture increased significantly 
with selection, with the amount of additive variance being at least seven 
times greater than any of the other component estimates. Keeratinijakal 
and Lamkey (1993b) also reported that grain moisture was mainly controlled 
by additive effects. HRS, however, has not been effective at improving the 
mean performance of the population per se for grain moisture by taking 
advantage of the large amount of available additive variance. Helms et al. 
(1989b) reported an overall reduction in the total genetic variance for 
grain moisture after nine cycles of selection. All variance component 
estimates for root and stalk lodging in the BSSS population per se were 
virtually depleted with RRS. A significant decrease in dominance variance 
was the only variance component estimate for ear height that underwent any 
change. Additive variance appears to be the most important source of 
variation for ear height, a result consistent with those of Keeratinijakal 
and Lamkey (1993b). 
Implications 
The results from our study showed that HS progeny and RRS methods 
have been more effective than Sj-progeny selection for improving the mean 
performance for grain yield of the BSSS populations per se. Genetic theory 
suggests that per se selection methods, such as S2-progeny selection, 
should be more effective than other methods of recurrent selection in 
populations where overdominant gene action is not important for the traits 
32 
of interest. Overdominant loci have not been found to contribute 
significantly to grain yield in maize populations (Ballauer and Miranda, 
1988). Response of grain yield in BSSS populations to S2-progeny selection 
in our study and Lamkey (1992) has not followed theoretical expectations. 
Our study, however, supports the results of other researchers that in BSSS, 
dominance variance plays a more important role in grain yield than in other 
maize populations (Ballauer and Miranda, 1988). The importance of 
dominance variance in BSSS provides for more effective response from 
selection with testcross selection methods that can take advantage of 
dominance genetic effects. HS progeny and RRS methods were found to be 
more effective in improving the mean performance in BSSS populations. 
Helms et al. (1989), however, reported that when selection responses were 
adjusted for the level of inbreeding, all three selection methods produced 
similar grain yield responses. 
With adequate levels of available additive genetic variance remaining 
and high heritability estimates for all traits, future response from 
selection should be achieved from each selection method. However, HS 
progeny and RRS methods that have the ability to take advantage of 
dominance genetic effects, may be more appropriate in BSSS maize 
populations. Secondary selection pressure on important agronomic traits, 
when the primary trait under selection is grain yield, was effective for 
maintaining or improving their level in the advanced population. 
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Table 1. Expected mean squares and F-tests for testing the significance of the sources of variation 




E X S 
Replication/S/E 
Entry/S 
Among Population (P)/S 
BSSSCO vs. BS13(S)C0 
BS13(S)C0 vs. BSI3(S)C6 
BSSSCO vs. BSSS(R)C11 
Within P/S Pooled 
Entry/S x E 
Among P/S x E 
BSSSCO vs. BS13(S)C0 X E 
BS13(S)C0 vs. BS13(S)C6 x E 
BSSSCO vs. BSSS(R)C11 X E 
Within P/S x E Pooled 
Pooled Error 
Among P/S Error 
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Table 2. Sources of variation, degrees of freedom, and expected mean squares for Design II analyses 
within individual populations pooled over sets and combined across environments 
Source df E(HS) 
Within Population (P)/Set (S) 
Hales (H)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within P/S X E 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 











o^ e + ra2infe + rea^ mf + rfo2ine + refo2ni 
o^ e + ro^ jnfg + reo^ mf + rmo^ fg + remo^ f 
0^ 0 + ro^ ijife + rea^ nif + rco^ e^ + reco^ ct 
o^ e + ra^ mfe + reo^ mf 
o^ e + ro2inf e + rf 02n,e 
a2e + ro2jnfe + nno2fe 
a2e + ro2infe + rca2ce 
o2e + ro2infe 
Within P/S Error es(mf-l)(r-1) 
t - (®^ m + represents the male and female pooled component of variance with c = (m+f)/2. 
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Table 3. Analysis of variance for grain yield <Mg ha"^) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F  
Environment (E) 5 9827 .510** 1004 .80 
Set (S) 13 22 .192* 2 .27 
E X S 65 9 .781** 23 .54 
Replication/S/E 84 3 .280** 7 .89 
Entry/S 874 4 .947** 5 .46 
Among Population (P)/S 42 53 .285** 8 .90 
BSSSCO vs. BS13(S)C0 14 30, .880** 12, .23 
BS13(S)C0 vs. BS13(S)C6 14 16, .139** 6, .05 
BSSSCO vs. BSSS(R)C11 14 137, .876** 20, .49 
Within BSSSCO/S 204 3' .294** 4. 91 
Within BS13(S)C0/S 210 2. ,288** 3, .07 
Within BS13(S)C6/S 210 2. 528** 3. 71 
Within BSSS(R)C11/S 208 1. 933** 3, .90 
Entry/S x E 4370 0, .905** 2. 18 
Among P/S x E 210 5, .990** 10. 40 
BSSSCO vs. BS13(S)C0 x E 70 2, .524** 4. ,38 
BS13(S)C0 vs. BS13(S)C6 x E 70 2. ,668** 4. 63 
BSSSCO vs. BSSS(R)C11 X E 70 6. ,730** 11. ,69 
Within BSSSCO/S x E 1020 0. ,671** 1. ,75 
Within BS13(S)C0/S x E 1050 0. ,745** 1, .81 
Within BS13(S)C6/S x E 1050 0. ,682** 1. ,52 
Within BSSS(R)C11/S x E 1040 0. ,495** 1. 29 
Pooled Error 5244 0. 416 
Among P/S Error 252 0. ,576 
Within BSSSCO/S Error 1224 0. 383 
Within BS13(S)C0/S Error 1260 0. ,411 
Within BS13(S)C6/S Error 1260 0. 450 
Within BSSS(R)C11/S Error 1248 0. 384 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 4. Analysis of variance for grain moisture (g kg~l) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 5 1989856.0** 236.23 
Set (S) 13 16491.6* 1.96 
E X S 65 8423.3** 49.76 
Replication/S/E 84 2867.1** 16.94 
Entry/S 874 3443.6** 9.11 
Among Population ( P ) / S  42 17207.1** 6.90 
BSSSCO vs. BS13(S)C0 14 18269.0** 13.98 
BS13(S)C0 vs. BS13(S)C6 14 13688.4** 3.93 
BSSSCO vs. BSSS(R)C11 14 16055.1** 14.82 
Within BSSSCO/S 204 2703.4** 11.80 
Within BS13(S)C0/S 210 2681.3** 8.00 
Within BS13(S)C6/S 210 1932.0** 7.61 
Within BSSS(R)C11/S 208 3686.2** 13.94 
Entry/S x E 4370 377.9** 2.23 
Among P/S x E 210 2495.4** 11.94 
BSSSCO vs. BS13(S)C0 x E 70 1307.1** 6.25 
BS13(S)C0 vs. BS13(S)C6 x E 70 3486.5** 16.68 
BSSSCO vs. BSSS(R)C11 x E  70 1083.3** 5.18 
Within BSSSCO/S x E 1020 229.2** 1.36 
Within BS13(S)C0/S x E 1050 335.2** 1.81 
Within BS13(S)C6/S x E 1050 253.9** 1.70 
Within BSSS(R)C11/S x E 1040 264.5** 1.59 
Pooled Error 5244 169.2 
Among P/S Error 252 209.0 
Within BSSSCO/S Error 1224 168.5 
Within BS13(S)C0/S Error 1260 185.2 
Within BS13(S)C6/S Error 1260 149.1 
Within BSSS(R)C11/S Error 1248 166.3 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 5. Analysis of variance for root lodging (%) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F  
Environment (B) 5 8657.09** 56.63 
Set (S) 13 270.48 1.77 
E X S 65 152.86** 11.00 
Replication/S/E 84 73.10** 5.26 
Entry/S 874 80.31** 2.61 
Among Population (P)/S 42 697.73** 3.94 
BSSSCO vs. BS13(S)C0 14 733.90** 3.52 
BS13(S)C0 vs. BS13(S)C6 14 216.28* 1.90 
BSSSCO vs. BSSS(R)C11 14 224.19** 3.93 
Within BSSSCO/S 204 30.18** 2.06 
Within BS13(S)C0/S 210 108.66** 2.19 
Within BS13(S)C6/S 210 54.19** 1.99 
Within BSSS(R)C11/S 208 2.54** 1.44 
Entry/S x E 4370 30.82** 2.22 
Among P/S x E 210 177.15** 7.84 
BSSSCO vs. BS13(S)C0 x E 70 208.24** 9.21 
BS13(S)C0 vs. BS13(S)C6 x E 70 113.89** 5.04 
BSSSCO vs. BSSS(R)C11 X E 70 57.04** 2.52 
Within BSSSCO/S x E 1020 14.67** 1.47 
Within BS13(S)C0/S x E 1050 49.63** 1.97 
Within BS13(S)C6/S x E 1050 27.22** 1.63 
Within BSSS(R)C11/S x E 1040 1.77 1.03 
Pooled Error 5244 13.89 
Among P/S Error 252 22.61 
Within BSSSCO/S Error 1224 9.95 
Within BS13(S)C0/S Error 1260 25.20 
Within BS13(S)C6/S Error 1260 16.74 
Within BSSS(R)C11/S Error 1248 1.71 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 6. Analysis of variance for stalk lodging (%) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F  
Environment (E) 5 13722.71** 21.79 
Set (S) 13 1037.86 1.65 
E X S 65 629.83** 18.50 
Replication/S/E 84 180.21** 5.29 
Entry/S 874 222.63** 3.51 
Among Population (P)/S 42 1842.61** 4.92 
BSSSCO vs. BS13(S)C0 14 1286.11** 6.70 
BS13(S)C0 vs. BS13(S)C6 14 1248.05** 5.34 
BSSSCO vs. BSSS(R)C11 14 3552.26** 9.04 
Wi+hin BSSSCO/S 204 222.54** 3.47 
Within BS13(S)C0/S 210 142.12** 3.06 
Within BS13(S)C6/S 210 166.17** 2.74 
Within BSSS(R)C11/S 208 33.88** 1.74 
Entry/S x E 4370 63.38** 1.86 
Among P/S x E 210 374.68** 7.88 
BSSSCO vs. BS13(S)C0 x E 70 191.94** 4.04 
BS13(S)C0 vs. BS13(S)C6 x E 70 233.72** 4.92 
BSSSCO vs. BSSS(R)C11 x E 70 392.88** 8.26 
Within BSSSCO/S x E 1020 64.16** 1.53 
Within BS13(S)C0/S x E 1050 46.52** 1.46 
Within BS13(S)C6/S x E 1050 60.75** 1.45 
Within BSSS(R)C11/S x E 1040 19.44 1.08 
Pooled Error 5244 34.04 
Among P/S Error 252 47.55 
Within BSSSCO/S Error 1224 41.91 
Within BS13(S)C0/S Error 1260 31.81 
Within BS13(S)C6/S Error 1260 41.88 
Within BSSS(R)C11/S Error 1248 17.93 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 7. Analysis of variance for ear height (cm) in four BSSS populations 
pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 3 302772 .5** 577 .26 
Set (S) 13 6484 .9** 12 .36 
E X S 39 524 .5** 14 .68 
Replication/S/E 56 314 .1** 8 .79 
Entry/S 874 872 .0** 18 .46 
Among Population (P)/S 42 10336 .0** 87 .74 
BSSSCO vs. BS13(S)C0 14 3487 .3** 29, ,07 
BS13(S)C0 vs. BS13(S)C6 14 3621 .5** 35, ,52 
BSSSCO vs. BSSS(R)C11 14 25217 . 6* * 177, .58 
Within BSSSCO/S 204 429 .0** 9, ,61 
Within BS13(S)C0/S 210 387 .9** 7, .71 
Within BS13(S)C6/S 210 402 .3** 9. 84 
Within BSSS(R)C11/S 208 358 .4** 9, ,24 
Entry/S x E 2622 47 .2** 1. ,32 
Among P/S x E 126 117 .8** 2. 75 
BSSSCO vs. BS13(S)C0 x E 42 120, ,0** 2. ,80 
BS13(S)C0 vs. BS13(S)C6 x E 42 102, ,0** 2. ,38 
BSSSCO vs. BSSS(R)C11 X E 42 142, ,0** 3. ,32 
Within BSSSCO/S X E 612 44, .1*  1. ,18 
Within BS13(S)C0/S x E 630 50, ,3** 1. 40 
Within BS13(S)C6/S x E 630 40. ,9* 1. 16 
Within BSSS(R)C11/S x E 624 38. ,8** 1. 20 
Pooled Error 3496 35. 7 
Among P/S Error 168 42. ,8 
Within BSSSCO/S Error 816 37, ,9 
Within BS13(S)C0/S Error 840 36. ,0 
Within BS13(S)C6/S Error 840 35. ,3 
Within BSSS(R)C11/S Error 832 32. ,4 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 8. Means, error variances, and coefficients of variation for five 
traits in four BSSS populations combined across environments 
Traitt Mean ± SE o2g CV (%) 
Grain Yield (Mg ha~^ ) 
BSSSeO 3 .93  ±  0 .04  0 .383  15 .8  
BS13(S)C0  4 .46  ±  0 .03  0 .411  14 .4  
BS13(S)C6  4 .77  ±  0 .03  0 .450  14 .1  
BSSS(R)C11  5 .07  ±  0 .03  0 .384  12 .2  
Grain Moisture (g kg"^ ) 
BSSSCO 226 ± 1 168.5 5.7 
BS13(S)C0 225 ± 1 185.2 6.0 
BS13(S)C6 221 ± 1 149.1 5.5 
BSSS(R)C11 234 ± 1 166.3 5.5 
Root Lodging (%) 
BSSSCO 1.9 ± 0.1 9.95 162.9 
BS13(S)C0 4.5 ± 0.2 25.20 112.7 
BS13(S)C6 3.4 ±0.1 16.74 119.5 
BSSS(R)C11 0.5 ± 0.0 1.70 246.8 
Stalk Lodging (%) 
BSSSCO 12.6 ± 0.3 41.92 51.2 
BS13(S)C0 9.8 ± 0.2 31.81 57.3 
BS13(S)C6 12.4 ±0.2 41.88 52.3 
BSSS(R)C11 7.1 ± 0.1 17.93 59.8 
Ear Height (cm) 
BSSSCO 118 ±0.5 37.9 5.2 
BS13(S)C0 111 ± 0.5 36.0 5.4 
BS13(S)C6 105 ±0.5 35.3 5.6 
BSSS(R)C11 98 ± 0.4 32.4 5.8 
t Grain yield, grain moisture, root lodging, and stalk lodging were 
measured in six environments, while ear height was measured in only four 
environments. 
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Table 9. Within population analysis of variance for grain yield (Mg ha~l] 
in four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 

























































2 . 0 0  
2.64 
1.97 





*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 9. (Continued) 
Source df Mean squares F  
BS13(S)C6 
Within BS13(S)C6/Set (S) 210 2.53** 3.71 
Males (M)/S 42 4.654** 2.97 
Females (F)/S 42 4.166** 2.34 
M/S and F/S Pooled 84 4.410** 2.64 
M X F /S 126 1.274** 2.44 
Within BS13(S)C6/S x Env (E) 1050 0.682** 1.52 
M/S X E 210 0.814** 1.56 
F/S X E 210 1.029** 1.97 
M/S X E and F/S x E Fooled 420 0.922** 1.76 
M X F /S X E 630 0.522* 1.16 
Within BS13(S)C6/S Error 1260 0.450 
BSSS(R)C11 
Within BSSS(R)C11/S 208 1.933** 3.90 
Males (M)/S 41 3.400** 3.74 
Females (F)/S 42 4.178** 5.21 
M/S and F/S Pooled 83 3.794** 4.44 
M X F /S 123 0.646** 1.61 
Within BSSS(R)C11/S X Env (E) 1040 0.495** 1.29 
M/S X E 205 0.665** 1.66 
F/S X E 210 0.556** 1.39 
M/S X E and F/S x E Pooled 415 0.610** 1.52 
M X F /S X E 615 0.401 1.04 
Within BSSS(R)C11/S Error 1248 0.384 
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Table 10. Within population analysis of variance for grain moisture 
(g kg~^) in four BSSS populations pooled over sets and combined 
across environments 
Source df Mean squares F  
BSSSCO 
Within BSSSCO/Set (S) 204 2703.4** 11.80 
Males (M)/S 42 5354.8** 7.75 
Females (F)/S 37 4038.0** 6.10 
M/S and F/S Pooled 79 4738.1** 7.00 
M X F /S 111 521.7** 3.13 
Within BSSSCO/S x Env (E) 1020 229.2** 1.36 
M/S X E 210 336.1** 2.04 
F/S X E 185 307.2** 1.83 
M/S X E and F/S x E Pooled 395 322.6** 1.94 
M X F /S X E 555 166.9 0.98 
Within BSSSCO/S Error 1224 168.5 
BS13(S)C0 
Within BS13(S)G0/S 210 2681.3** 8.00 
Males (M)/S 42 5725.5** 6.22 
Females (F)/S 42 5797.1** 6.39 
M/S and F/S Pooled 84 5761.3** 6.30 
M X F /S 126 627.9** 2.84 
Within BS13(S)C0/S x Env (E) 1050 335.2** 1.81 
M/S X E 210 513.3** 2.33 
F/S X E 210 500.4** 2.27 
M/S X E and F/S x E Pooled 420 506.9** 2.30 
M X F /S X E 630 220.7** 1.19 
Within BS13(S)C0/S Error 1260 185.2 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 10. (Continued) 
Source df Mean squares F  
BS13(S)C6 
Within BS13(S)C6/Set (S) 210 1932.0** 7.61 
Males (M)/S 42 4023.2** 5.95 
Females (F)/S 4272.7** 6.91 
M/S and F/S Pooled 84 4147.9** 6.41 
M X F /S 126 454.8** 2.57 
Within BS13(S)C6/S x Env (E) 1050 253.9** 1.70 
M/S X E 210 398.5** 2.25 
F/S X E 210 340.3** 1.92 
M/S X E and F/S x E Pooled 420 369.4** 2.09 
M X F /S X E 630 176.9** 1.19 
Within BS13(S)C6/S Error 1260 149.1 
BSSS(R)C11 
Within BSSS(R)C11/S 208 3686.2** 13.94 
Males (M)/S 41 7635.9** 13.85 
Females (F)/S 42 9340.1** 18.38 
M/S and F/S Pooled 83 8498.3** 16.05 
M X F /S 123 401.3** 1.88 
Within BSSS(R)CI1/S x Env (E) 1040 264.5** 1.59 
M/S X E 205 363.4** 1.70 
F/S X E 210 320.1** 1.50 
M/S X E and F/S x E Pooled 415 341.5** 1.60 
M X F /S X E 615 213.2** 1.28 
Within BSSS(R)C11/S Error 1248 166.3 
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Table 11. Within population analysis of variance for root lodging (%) in 
four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S X Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 































1 . 6 8  





M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M x F / S x E  































. 0 8 * *  
.33** 











*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 11. (Continued) 
Source df Mean squares 
BS13(S)C6 
Within BS13(S)C6/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BS13(S)C6/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





M/S and F/S Pooled 
M X F /S 
Within BSSS(R)C11/S X Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 


























































1 . 6 6  
1.13 
1.03 
1 . 0 1  
1.19 
1 . 1 0  
1 .00  
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Table 12. Within population analysis of variance for stalk lodging (%) in 
four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





































M/S and F/S Pooled 
M X F /S 
Within BS13(&)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 

































*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 12. (Continued) 
Source df Mean squares 
BS13(S)C6 
Within BS13(S)C6/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BS13(S)C6/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





M/S and F/S Pooled 
M X F /S 
Within BSSS(R)C11/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 



















































1 . 8 0  
1.47 
1.64 
1 . 1 6  
1.74 
2.34 
2 . 1 1  
2 . 2 2  
1.09 
1 .08  
1.13 
1 . 2 1  
1.17 
1 . 0 2  
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Table 13. Within population analysis of variance for ear height (cm) in 
four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 




























1 . 1 8  








M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 

































*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 13. (Continued) 
Source df Mean squares F 
BS13(S)C6 
Within BS13(S)C6/Set (S) 210 402.3** 9.84 
Males (M)/S 42 806.2** 9.77 
Females (F)/S 42 1001.6** 13.12 
M/S and F/S Pooled 84 903.9** 11.38 
M X F /S 126 67.9** 1.87 
Within BS13(S)C6/S x Env (E) 630 40.9* 1.16 
M/S X E 126 50.9** 1.40 
F/S X E 126 44.7 1.23 
M/S X E and F/S x E Pooled 252 47.8** 1.32 
M X F /S X E 378 36.3 1.03 
Within BS13(S)C6/S Error 840 35.3 
BSSS(R)C11 
Within BSSS(R)C11/S 208 358.4** 9.24 
Males (M)/S 41 833.6** 10.58 
Females (F)/S 42 791.8** 12.18 
M/S and F/S Pooled 83 812.4** 11.31 
M X F /S 123 56.8** 1.73 
Within BSSS(R)C11/S x Env (E) 624 38.8** 1.20 
M/S X E 123 54.9** 1.67 
F/S X E 126 41.1 1.25 
M/S X E and F/S x E Pooled 249 47.9** 1.46 
M X F /S X E 369 32.9 1.01 
Within BSSS(R)CI1/S Error 832 32.4 
Table 14. Estimates of genetic components of variance, their interactions with environments, and the 
ratio of additive and dominance variances for five traits in four BSSS populations combined 
across environments 
Genetic Components of Variance Estimatest 
Trait* O^de 










Root Lodging (%) 
BSSSCO 
BS13(S)C0 
0.319 0.334 0.154 0.333 
(0.208,0.479)S (0.234,0.472) (0.097,0.217) (0.217,0.463) 
0.218 0.166 0.294 0.198 
(0.140,0.331) (0.103,0.249) (0.232,0.366) (0.093,0.312) 
0.228 0.251 0.200 0.144 
(0.145,0.347) (0.173,0.356) (0.145,0.261) (0.035,0.263) 
0.247 0.080 0.106 0.029 
















2.23 0.51 3.98 2.33 
(1.29,3.60) (-0.38,1.68) (2.76,5.35) (-0.17,5.03) 
10.60 2.72 22.88 12.26 










0 . 2 6  
BS13(S)C6 4.90 1.16 8.49 7.38 0.24 
(3.02,7.61) (-0.42,3.20) (6.29,10.97) (3.16,11.97) 
BSSS(R)C11 0.12 0.07 0.09 -0.02 0,62 
(0.04,0.22) (-0.06,0.24) (-0.05,0.23) (-0.41,0.39) 
Stalk Lodging (%) 
BSSSCO 25.30 10.37 24.06 3.74 0.41 
(17.26,37.25) (5.40,17.15) (18.44,30.48) (-6.42,14.65) 
BS13(S)C0 18.84 1.72 10.99 11.84 0.09 
(13.60,26.61) (-1.12,5.40) (7.36,15.04) (3.97,20.34) 
BS13(S)C6 22.17 -0.34 15.43 13.05 -0.02 
(15.96,31.38) (-3.59,3.78) (10.65,20.78) (2.88,24.02) 
BSSS(R)C11 2.36 0.55 1.57 0.78 0.23 
(1.32,3.82) (-0.79,2.28) (0.11,3.14) (-3.27,5.09) 
Ear Height (cm) 
BSSSCO 92.5 34.7 6.4 3.1 0.38 
(68.7,128.2) (24.2,49.3) (1.8,11.6) (-8.3,15.7) 
BS13{S)C0 96.0 15.3 10.3 12.3 0.16 
(73.1,130.1) (8.2,24.5) (5.3,15.9) (1.3,24.7) 
BS13(S)C6 103.1 15.8 5.8 1.9 0.15 
(79.1,138.9) (9.3,24.4) (1.8,10.2) (-8.1,12.8) 
BSSS(R)C11 93.4 12.0 7.6 1.0 0.13 
(71.6,126.1) (6.4,19.3) (3.7,12.0) (-8.2,11.0) 
t and are the additive, dominance, additive by environment interaction, and 
dominance by environment interaction components of variance, respectively. 
i Grain yield, grain moisture, root lodging, and stalk lodging were measured in six environments, 
while ear height was measured in only four environments. 
S Values in parentheses are the approximate upper and lower 90% confidence interval bounds, 
respectively, for the variance component estimates calculated according to the procedures of 
Burdick and Graybill (1992). 
55 
Table 15. Heritability estimates (h^ ) on a half-sib progeny mean basis for 








BSSSCO 0.664 0.537 0.760 
BS13(S)C0 0.621 0.495 0.722 
BS13(S)C6 0.621 0.489 0.724 
BSSS(R)C11 0.775 0.694 0.837 
Grain Moisture 
BSSSCO 0.857 0.805 0.897 
BS13(S)C0 0.841 0.788 0.884 
BS13(S)C6 0.844 0.791 0.886 
BSSS(R)C11 0.938 0.916 0.955 
Root Lodging 
BSSSCO 0.559 0.398 0.683 
BS13(S)C0 0.599 0.469 0.704 
BS13(S)C6 0.590 0.450 0.701 
BSSS(R)C11 0.399 0.153 0.576 
Stalk Lodging 
BSSSCO 0.705 0.602 0.787 
BS13(S)C0 0.777 0.698 0.838 
BS13(S)C6 0.773 0.692 0.835 
BSSS(R)Cll 0.550 0.370 0.681 
Ear Height 
BSSSCO 0.854 0.796 0.897 
BS13(S)C0 0.892 0.852 0.922 
BS13(S)C6 0.912 0.879 0.937 
BSSS(R)C11 0.912 0.878 0.937 
t Grain yield, grain moisture, root lodging, and stalk lodging were 
measured in six environments, while ear height was measured in only four 
environments. 
t Exact 90% Confidence intervals were calculated according to the 
procedures of Knapp and Bridges (1987). 
Table 16. Phenotypic (above diagonal) and additive genetic (below diagonal) correlations among five 
traits based on half-sib progenies in four BSSS populations combined across environments 
Grain Grain Root Stalk Ear 
Traitt Population Yield Moisture Lodging Lodging Height 
Grain Yield BSSSCO -0.10 -0.12 -0.07 0.02 
(Mg ha~l) BS13(S)C0 0.13 0.19 0.03 0.32* 
BS13(S)C6 0.01 0.30* -0.31* 0.18 
BSSS(R)CH 0.34** 0.22 -0.04 0.35** 





(gkg-l) BS13(S)C0 0.13 0.10 -0.13 0.19 
BS13(S)C6 -0.11 0.01 0.01 -0.04 
BSSS(R)C11 0.39 -0.07 -0.00 0.15 
Root Lodging BSSSCO -0.22 0.13 0.35** 0.54** 
(%) BS13(S)C0 0.30 0.15 0.22 0.57** 
BS13(S)C6 0.51 0.03 -0.07 0.35** 
BSSS(R)C11 0.37 -0.13 0.12 0.45** 
Stalk Lodging BSSSCO 0.01 -0.03 0.48 0.25 
(%) BS13(S)C0 0.17 -0.11 0.27 0.11 
BS13(S)C6 -0.27 0.06 -0.09 -0.03 
BSSS(R)C11 -0.07 -0.01 0.23 0.19 
Ear Height BSSSCO 0.00 -0.01 0.67 0.30 
(cm) BS13(S)C0 0.40 0.19 0.57 0.11 
BS13(S)C6 0.20 -0.05 0.39 -0.07 
BSSS(R)C11 0.40 0.16 0.71 0.24 
*,** Significant at the 0.05 and 0.01 probability levels respectively. 
t Grain yield, grain moisture, root lodging, and stalk lodging were measured in six environments, 
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Fig. 1. Frequency distribution, mean, and phenotypic standard deviation for grain yield of full-
sib progenies from BSSSCO, BS13(S)C0, BS13(S)C6, and BSSS(R)C11 maize populations. Distances 
between class intervals are one half of a phenotypic standard deviation of the BSSSCO 
population. Vertical lines represent the population means. 
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RESPONSE TO SELECTION AND CHANGES IN GENETIC PARAMETERS FOR 13 PLANT AND 
EAR TRAITS IN TWO MAIZE RECURRENT SELECTION PROGRAMS 
A paper to be submitted for publication in Maydica 
Joel F. Holthaus and Kendall R. Lamkey 
ABSTRACT 
Recurrent selection is a cyclical breeding procedure that focuses on 
improving the mean performance of a population by increasing the frequency 
of favorable alleles, while maintaining adequate genetic variability for 
continued selection. Iowa Stiff Stalk Synthetic (BSSS) is a maize 
population that has undergone continuous recurrent selection for more than 
50 years as the base population for two independent selection programs 
(intra- and inter-population). 
This study was designed to estimate the mean performance and 
important genetic parameters in BSSS after: seven cycles of half-sib (HS) 
progeny selection [BSSSCO vs BS13(S)C0], six cycles of S2-progeny selection 
[BS13(S)C0 vs BS13(S)C6], and 11 cycles of reciprocal recurrent selection 
(RRS) [BSSSCO vs BSSS(R)C11]. A Design II (cross-classified) mating design 
was constructed to give direct estimates of additive and dominance variance 
in the individual populations. Thirteen sets of 4 male by 4 female matings 
for each of the four populations were evaluated in a randomized incomplete 
block (Reps/Sets) experiment grown in two environments. 
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The relative effectiveness of the three selection methods for 
improving the mean performance for grain yield of the BSSS populations per 
se, ranged from 0.4% cycle"! for HS selection to 1.1% cycle"! for S2-
progeny selection to 1.4% cycle"! for rrs. Variance component estimates 
showed very little significant change for the majority of the traits 
evaluated with all three selection methods. In general, the largest 
portion of the total genetic variance for all traits consisted of additive 
variance. Genetic variance by environmental interaction variance 
components were generally of unimportant magnitude. The importance of 
dominance variance in BSSS provides for more effective response from 
selection with testcross selection methods that can take advantage of 
dominance genetic effects. The RRS method was found to be the most 
effective at improving the mean performance in BSSS populations. It is not 
readily apparent why HS progeny selection was not effective in this 
situation. 
With adequate levels of available additive genetic variance remaining 
and high heritability estimates for most of the traits of interest, future 
response from selection should be achieved from each selection method. 
Secondary selection pressure on important agronomic traits, when the 
primary trait under selection is grain yield, was effective for maintaining 
or improving their level in the advanced population. Selection pressure on 
these important agronomic traits didn't appear to adversely affect the mean 
performance and genetic parameters of other unselected agronomic traits. 
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INTRODUCTION 
Recurrent selection is a cyclical breeding procedure used widely in 
maize breeding programs to enhance maize germplasm resources. Population 
improvement via recurrent selection methodology focuses on two main 
objectives. First, the improvement of the mean performance of a population 
through an increase in the frequency of favorable alleles. Second, 
maintaining adequate genetic variability in the improved population for 
continued selection and genetic enhancement. It is through the development 
of improved populations, possessing an increased probability of producing 
superior inbred lines, that the ultimate goal of the maize breeder, the 
development of superior hybrids, can be achieved. 
Iowa Stiff Stalk Synthetic (BSSS) is a maize population developed in 
the mid-1930's by intermating 16 inbred lines with above average stalk 
quality (Sprague, 1946). Since its development, BSSS has undergone 
continuous recurrent selection for more than 50 years as the base 
population in two independent selection programs (intra- and inter-
population) . The intra-population program included seven cycles of half-
sib (BS) selection with the double-cross tester Iowa 13 [BSSS(HT)Cn], 
followed by six cycles of S2-progeny selection [BS13(S)Cn], which continues 
to date. The inter-population program included 11 cycles of reciprocal 
recurrent selection (RRS) using BSSS, designated BSSS(R)Cn, and Iowa Corn 
Borer Synthetic #1 [BSCBl(R)Cn] as base populations undergoing simultaneous 
improvement. As a consequence of these selection programs, BSSS has 
contributed significantly to maize inbred and hybrid development programs. 
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as evidenced by the development of several widely used inbred lines (B14, 
B37, B73, and B84) (Hallauer, et al., 1983). 
Continued advancement in these selection programs would be aided by a 
knowledge of how the genetic structure of the BSSS populations per se have 
changed over time. This study was designed to estimate the mean 
performance and genetic parameters (additive and dominance variances and 
their interactions with environments, heritability, and phenotypic and 
additive genetic correlations) of important selected and unselected 
agronomic traits in BSSS per se populations. Estimates for grain yield, 
root and stalk lodging, pollen shed, silk emergence, plant and ear height, 
ntimber of ears per plant, kernel row number, ear length and diameter, 
kernel depth, and 300 kernel weight were compared following; seven cycles 
of HS progeny selection [BSSSCO vs BS13(S)C0], six cycles of S2-progeny 
selection [BS13(S)C0 vs BS13(S)C6], and 11 cycles of BHS [BSSSCO vs 
BSSS(R)C11]. The objective was to determine if selection has changed the 
estimates of the population parameters. 
MATERIALS AMD METHODS 
Genetic Materials Evaluated 
BSSS was developed in 1934 to 1935 by intermating 16 inbred lines 
possessing above average stalk quality (Sprague, 1946). In 1939, half-sib 
(HS) progeny recurrent selection using the double-cross tester Iowa 13 
[(IJ317 X BL349) x (BL345 x MC410)] was initiated in the BSSS base 
population (BSSSCO). The procedures for conducting seven cycles of HS 
selection in this population were described by Eberhart et al. (1973) and 
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Lamkey et al. (1991). After completing seven cycles of selection, the 
program was changed to S2-progeny recurrent selection in the population now 
designated BS13(S)C0. BS13(S)C0 was developed directly from the seventh 
cycle population of the HS program by imposing minor agronomic selection as 
detailed by Lamkey (1992). Six cycles of S2-progeny selection were 
completed, as summarized by Helms et al. (1989) and Lamkey (1992), 
producing the advanced cycle population BS13(S)C6. 
In 1949, RRS was initiated in the BSSS and Iowa Corn Borer Synthetic 
#1 (BSCBl) maize populations. The base population, BSSSCO, used in this 
program, is identical to the original BSSS population used in the 
previously mentioned intra-population selection program. Details of 11 
cycles of this inter-population selection program were outlined by Penney 
and Eberhart (1971) and Keeratinijakal and Lamkey (1993). In both 
independent selection programs (intra- and inter-population), grain yield 
was the primary trait under selection, with secondary selection pressure to 
maintain low grain moisture at harvest and increase resistance to root and 
stalk lodging. 
The genetic materials evaluated in our study were produced from the 
original BSSS population (BSSSCO), and three populations derived from 
BSSSCO by selection: the population after seven cycles of HS progeny 
selection [BS13(S)C0], the population after an additional six cycles of S2-
progeny selection [BS13(S)C6], and the population after 11 cycles of RRS 
[BSSS(R)C11]. Starting in the 1989 breeding nursery, a North Carolina 
Design II (cross-classification) mating design was developed within each of 
the four populations. A series of half- and full-sib progenies were 
developed within each population by crossing four males (SQ plants) to each 
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of four females (SX progenies). SI progenies were developed in the 1988 
breeding nursery by selfing random SQ plants from each population. Each 
male was crossed to several plants within a Si progeny and the resulting 
seed was bulked to obtain a representative sample of the gametic array of 
the original SQ female plant (Hallauer and Miranda, 1988). The average 
number, variance, and range of Si plants sampled per female within each 
population were: 9, 11.1 and 1 to 19 for BSSSCO; 9, 8.4 and 4 to 19 for 
BS13(S)C0; 13, 7.8 and 4 to 20 for BS13(S)C6; and 13, 7.5 and 5 to 20 for 
BSSS(R)C11. Thus, each set of four by four matings produced progenies from 
a sampling of eight random plants within each population. To achieve a 
reasonable sample of individuals, 13 sets of four by four matings were 
constructed within each population, yielding a total sampling of 104 random 
SO plants from each population. Therefore, 208 full-sib progenies (13 sets 
of 16 progenies) from each population were produced for field evaluation. 
Experimental Design and Procedures 
Thirteen sets totaling 832 entries (full-sib progenies) were 
evaluated in a replications-within-sets (Reps/Sets) randomized incomplete 
block experiment (Comstock and Robinson, 1948). Because of insufficient 
seed supply, seven entries were replaced with hybrid filler in all 
environments. Each set included 16 full-sib progenies from each of the 
four individual populations completely randomized within each of two 
replications. The study was grown at Ames, Iowa in 1992 and 1993. A plot 
consisted of one hand-harvested row 5.49 m long (center of alley to center 
of alley) with 0.76 m between plots. Plots were overplanted and thinned to 
an uniform plant density of approximately 62,165 plants ha~^ . All 
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experiments were machine-cultivated and/or hand weeded as necessary for 
proper weed control. 
Data were collected for hand-harvestable grain yield (Mg ha~l) 
including gleaning for dropped ears, stand (1000 plant ha~^ ), root lodging 
(% of plants leaning more than 30® from vertical), stalk lodging (% of 
plants broken at or below the primary ear node), pollen shed (GDU OC), silk 
emergence (GDU °C), plant and ear height (cm), niunber of ears per plant 
(total number of ears harvested divided by final plant stand), kernel row 
number (average of 10 random primary ears), ear length and diameter (cm), 
cob diameter (cm), kernel depth (cm), and 300 kernel weight (g). Plant and 
ear heights were calculated as the average measurement of 10 competitive 
plants per plot, measured as the distance from the soil surface to the flag 
leaf node and highest ear-bearing node, respectively. Pollen shed and silk 
emergence were measured as accumulated growing degree units (GDU) in ®C 
from planting till 50% of the plants in the plot had pollen shed and silk 
emergence, respectively. GDUs were calculated as the daily maximum plus 
minimum temperature divided by two, minus 10 ®C (Shaw, 1988). Any maximum 
temperature greater than 30 ®C or minimum temperature less than 10 ®C was 
designated in the equation as the appropriate base temperature of 30 ®C or 
10 ®C, respectively. Ear length and diameter and cob diameter were 
measured as the average of 10 random primary ears. Kernel depth was 
calculated as ear diameter minus cob diameter, divided by two. All traits 
were evaluated at each enviroxunent. Because uniform plant stands were not 




Analyses for all traits were calculated on the basis of plot mean 
data. The data for each trait were analyzed by pooling over sets and 
combining across environments (location by year combinations) in the 
general analyses (Table 1), with all effects in the model considered 
random. The svims of squares for among entries, among entries by 
environments, and pooled error were partitioned into sources of variation 
due to among and within populations. Because of the missing entries, 
within population degrees of freedom were adjusted appropriately. Means 
were calculated for the four populations based on the number of full-sib 
progenies within each population. The variances of the population means 
were calculated as the mean square for genotypes within population within 
sets for the appropriate population divided by the total number of 
observations in the mean. The among population sums of squares were then 
further partitioned into three contrasts (1 non-orthogonal and 2 
orthogonal) to compare the effect of seven cycles of HS progeny selection 
[BSSSCO vs BS13(S)C0], six cycles of S2-progeny selection [BS13(S)C0 vs 
BS13(S)C6], and 11 cycles of RRS [BSSSCO vs BSSS(R)C11]. Contrast mean 
squares were tested for significance using the corresponding interaction 
with environments mean squares. 
Analyses for individual populations pooled over sets and combined 
across environments were calculated (Table 2) to partition the within 
population variation for each population into male, female, and male by 
female interaction sources of variation. Because the missing entries 
caused some of the four by four sets to be unbalanced, the appropriate male 
or female was deleted yielding some three by four balanced sets. Because 
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the mean squares for the male and female sources of variation have the same 
genetic expectation, their degrees of freedom and sums of squares were 
pooled to give more precise estimates of the variation among half-sib 
families. The within population by environment interaction degrees of 
freedom and sums of squares were partitioned similarly. Within population 
error mean squares were used to test the significance of the within 
population by environment interaction sources of variation. The 
appropriate interaction mean square terms were then used for testing the 
within population components. Since direct tests of the male, female, and 
pooled components were not available, Satterthwaite's (1946) approximation 
was used to construct the appropriate F-test. 
The genetic-statistic model of the Design II as proposed by Comstock 
and Robinson (1948) was followed for translating the covariances of 
relatives, provided by the analysis of variance, into appropriate genetic 
components of variance for the situation in which the inbreeding 
coefficient of the parents is zero (F = 0). Additive genetic (O^ j^ ), 
dominance genetic (O^ Q), additive by environment (O^ AE)/ dominance by 
environment (o^ DE)» error (o^ ®) variance component estimates were 
calculated by equating the observed mean squares to the expected mean 
squares and solving the resulting system of equations. Additive and 
additive by environment variance components estimates were calculated using 
the male and female pooled and its interaction with environments mean 
squares, respectively. Approximate 90% confidence intervals were 
calculated for each variance component estimate according to the procedures 
of Burdick and Graybill (1992). Variance component estimates were deemed 
significantly different from zero if the approximate 90% confidence 
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interval did not bracket zero. Comparable component estimates across 
populations were considered not significantly different if their confidence 
interval estimates overlapped. Heritabilities and their respective exact 
90% confidence intervals (Knapp and Bridges, 1987) were estimated on a 
half-sib progeny mean basis for individual traits within each population. 
Phenotypic and additive genetic correlations among traits within 
populations were calculated from the appropriate covariance components 
(Mode and Robinson, 1959). 
RESULTS AND DISCUSSION 
Individual experiment analyses of variance, means, and coefficients 
of variation (CV) for all 13 traits are provided in Tables A7 and A8. The 
average grain yield across environments was 5.22 Mg ha~l with an 
environmental range from 7.04 (Ames, 1992) to 3.39 Mg ha~l (Ames, 1993). 
Pollen shed and silk emergence means were 841 and 854 GDU (°C), 
respectively. Because of excessive rainfall and below normal temperatures 
during the 1993 growing season, grain yield was approximately 50% of the 
1992 average and anthesis was 7.0% later. The percentages of root and 
stalk lodged plants averaged across environments were 2.9 and 10.8%, 
respectively. Mean plant and ear heights were 224 and 112 cm, 
respectively, with an average of 0.93 ears per plant. Ear length and 
diameter averaged across environments were 15.0 and 4.4 cm, respectively, 
with a mean kernel row number of 16.3. Average kernel depth was 0.76 cm 
and the mean weight of a 300 kernel sample was 60.0 g. The poor growing 
conditions experienced during 1993 caused a drastic increase in the number 
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of barren plants and adversely affected most of the ear and kernel traits. 
However, coefficients of variation for all traits in both environments were 
generally small, indicating that adequate precision was maintained during 
data collection. 
Effects of Selection on Population Mean Performance 
The among population analyses of variance pooled over sets and 
combined across environments for grain yield (Table 3), root lodging (Table 
4), stalk lodging (Table 5), pollen shed (Table 6), silk emergence (Table 
7), plant height (Table 8), ear height (Table 9), ears per plant (Table 
10), kernel row number (Table 11), ear length (Table 12), ear diameter 
(Table 13), kernel depth (Table 14), and 300 kernel weight (Table 15) 
provided estimates of the differences among populations. Individual 
population per se means for all 13 traits of the four BSSS populations are 
reported in Table 16. Frequency distributions for grain yield of full-sib 
progenies in the four BSSS populations are provided in Fig. 1. Measurement 
of the average linear response to selection of the various traits was based 
on population per se performance. Therefore, it is important to remember 
that changes measured in BS and RRS programs are indirect responses to 
selection, while those measured in S2-progeny selection programs are direct 
responses to selection. 
Half-sib Progeny Selection 
HS progeny selection was Ineffective for improving the mean grain 
yield in the BSSS population per se. Seven cycles of HS progeny selection 
resulted In a nonsignificant indirect response to selection of 0.15 Mg ha~^  
or 0.4% cycle~^ . This response to selection was significantly less than 
the response of 1.9% cycle"^  observed by Holthaus and Lamkey (1994) in a 
69 
similar study. Differences among studies in the average linear rate of 
response may be a function of the number of environments in which the 
materials were evaluated and/or differences in methods of evaluation and 
data collection. Grain yield data in our study was measured from hand-
harvested, single row plots evaluated in two environments, whereas, the 
data of Holthaus and Lamkey (1994) were based on machine-harvested, two row 
plots evaluated in six environments. Full-sib progeny frequency 
distributions for grain yield in our study (Fig. 1) showed that seven 
cycles of HS selection [BSSSCO vs. BS13(S)C0] was only effective for 
eliminating the extreme phenotypes from the distribution, resulting in a 
41% reduction in phenotypic variation. 
Responses to HS progeny selection of the agronomic traits undergoing 
secondary selection pressure were generally in a favorable direction and 
consistent with the results reported by Holthaus and Lamkey (1994). Grain 
moisture at harvest was not measured, but significant decreases in GDU (°C) 
to pollen shed and silk emergence means suggest a tendency towards earlier 
maturing genotypes in the BSSS population per se. The percentage of stalk 
lodged plants was reduced significantly (0.7% cycle'^ ) with HS selection. 
Percentage of root lodged plants, however, increased slightly (0.4% 
cycle'^ ) as a consequence of the direction of the selection differential as 
reported by Lamkey (1992). 
The responses of other plant and ear characteristics to HS selection 
were generally in a favorable direction, even though no direct selection 
pressure was applied to them. Average plant and ear height decreased 
significantly (0.9 and 1.0 cm cycle"^ , respectively) with HS selection. 
Holthaus and Lamkey (1994) reported an identical decrease in mean ear 
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height and Stucker (1989) reported a tendency toward reduced plant and ear 
height in random S7 lines developed from the BSSS population per se after 
HS selection. The number of ears per plant increased significantly (0.11), 
accompanied by a significant decrease in the number of kernel rows per ear 
(1.1). Although statistically significant decreases in ear length and 
kernel depth were observed in our study, the extent of these changes were 
not deemed agronomically important. BS selection produced no change in the 
mean ear diameter of the BSSS population per se. Similar results for ear 
length and diameter were reported by Stucker (1989). A relatively large 
increase in 300 kernel weight (2.4 g) of the population per se after seven 
cycles of HS selection was not deemed statistically significant because of 
the large genotype by environment interaction mean square observed for this 
trait. 
S2 Progeny Selection 
Average linear direct response to selection for grain yield in the 
BSSS population per se after six cycles of S2-progeny selection was a 
significant 0.37 Mg ha~l or 1.1% cycle"^ . This result was in good 
agreement with the 1.2% cycle~^  response observed by Holthaus and Lamkey 
(1994) in a related study. Frequency distributions of full-sib progenies 
for grain yield (Fig. 1) in the BSSS population per se showed that six 
cycles of S2-progeny selection [BS13(S)C0 vs. BS13(S)C6] was effective for 
increasing the mean performance of the population, while maintaining the 
original level of phenotypic variation and an approximately normal 
distribution of phenotypes. These findings support the fact that S2-
progeny selection has effectively increased the frequency of favorable 
alleles for grain yield. 
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Along with increased grain yield performance, the BSSS population per 
se after S2-progeny selection tended to be slightly later in maturity as 
measured by time of flowering. The increases observed for GDU (®C) to 
pollen shed and silk emergence, however, were not at a level considered 
agronomically important. Selection responses in the population per se for 
percentage of root lodging (-0.3 % cycle"^ ) and stalk lodging (0.3 % cycle" 
were consistent with the results observed by Holthaus and Lamkey (1994) 
and also were not considered agronomically important. S2-progeny selection 
produced plant and ear height responses similar to those observed in the HS 
selection program, with significant decreases of 0.7 and 0.8 cm cycle~^ , 
respectively. The number of ears per plant remained unchanged with 
selection. 
Significant changes with Sj-progeny selection were observed for all 
of the ear traits measured in our study. The mean number of kernel rows 
decreased by 0.5 rows and mean ear length increased 0.7 cm in the BSSS 
population per se. The statistically significant decreases observed for 
ear diameter (0.1 cm) and kernel depth (0.07 cm) were not considered 
agronomically meaningful. Six cycles of S2-progeny selection increased the 
average 300 kernel weight by 1.2 g in the population per se. 
Reciprocal Recurrent Selection 
RRS was effective for improving the mean grain yield in BSSS 
populations per se. After 11 cycles of RRS, average indirect response in 
the population per se was 0.77 Mg ha"^  or 1.4% cycle"^ . This result is 
similar to the grain yield response of 1.2 % cycle'^  observed after four 
cycles of selection by Ballauer (1971), but significantly lower than the 
2.6 % cycle~^  grain yield response observed in a related study by Holthaus 
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and Lamkey (1994). As was suggested for the BS selection program/ 
differences among studies in the average linear rate of response to RRS may 
be a function of the number of environments in which the materials were 
evaluated and/or differences in methods of evaluation and data collection. 
Frequency distributions for grain yield of full-sib progenies in the BSSS 
populations per se before and after 11 cycles of RRS [BSSSCO vs. 
BSSS(R)C11] are provided in Fig. 1. A mean grain yield increase of 
approximately one phenotypic standard deviation was accompanied by a 
reduction in the range of the distribution of greater than three phenotypic 
standard deviations. Approximate normality of the distribution was 
maintained, but extreme phenotypes were eliminated with selection. 
The agronomic traits undergoing secondary selection pressure also 
responded favorably to RRS in our study. Highly significant decreases in 
pollen shed and silk emergence values (24 and 38 GDU ®C, respectively) 
suggested a tendency towards earlier maturity with RRS in the BSSS 
population per se. A slight decrease in the percentage of root lodged 
plants (1.9%) and a significant decrease in the percentage of stalk lodged 
plants (5.4%) were also observed in our study. Hallauer (1971) reported 
similar response trends for silk date and root and stalk lodging. 
Responses to RRS of the plant and ear traits on which no direct 
selection pressure was applied were also generally favorable. The average 
plant and ear height of the population per se decreased a significant 0.8 
and 1.9 cm cycle"^  of selection, respectively. The relatively large 
increase in the mean number of ears per plant (0.14) observed in our study 
was not statistically significant because of a large environmental 
interaction mean square value. The mean kernel row number in the BSSS 
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population per se increased significantly and ear length decreased slightly 
with selection. Ear diameter, kernel depth, and 300 kernel weight means 
remained virtually unchanged. After four cycles of RRS, Ballauer (1971) 
observed similar responses for plant and ear height, ear length and 
diameter, and kernel depth in the BSSS population per se. 
Effects of Selection on Estimated Genetic Variances 
The within population analyses of variance for individual populations 
pooled over sets and combined across environments are provided for grain 
yield (Table 17), root lodging (Table 18), stalk lodging (Table 19), pollen 
shed (Table 20), silk emergence (Table 21), plant height (Table 22), ear 
height (Table 23), ears per plant (Table 24), kernel row number (Table 25), 
ear length (Table 26), ear diameter (Table 27), kernel depth (Table 28), 
and 300 kernel weight (Table 29). For most traits, mean square values for 
male, female, male and female pooled, male by female, and their appropriate 
interaction with environments mean squares were generally significant or 
highly significant. The interaction with environments terms, however, were 
generally magnitudes smaller than the main effect terms. The significance 
of the within population sources of variation suggested that significant 
genetic variation among the half-sib and full-sib progenies was generally 
present in each population for all traits. Genetic variance component 
estimates for all traits within individual populations are shown in Table 
30. Additive and dominance variance for grain yield in BSSS were generally 
of equal importance. For other agronomic traits in BSSS, additive genetic 
variance appeared to be much more important than dominance variance and the 
interaction with environment components were generally of unimportant 
magnitude. These findings were generally consistent with the results of 
74 
Holthaus and Lamkey (1994). Since interaction with environment component 
estimates were generally nonsignificant or of unimportant magnitude, they 
will only be referred to in instances where they yield significant 
contributions. 
Half-sib Progeny Selection 
Of the genetic variance component estimates for grain yield in the 
two BSSS populations evaluated in the HS selection program, only the 
estimate of the additive by environment component in BSSSCO was not 
significantly different from zero. In the original BSSS population, 
additive and dominance variance contributed equally to the total genetic 
variation. No significant changes in variance component estimates were 
observed after seven cycles of HS progeny selection in the BSSS population 
per se. Additive genetic variance and dominance by environment interaction 
variance, however, were reduced by a nonsignificant 55 and 62%, 
respectively. The additive by environment interaction component estimate 
increased by 226%, but component estimate confidence intervals were too 
large to imply significant difference. HS progeny selection produced 
changes in the genetic variance component estimates for grain yield that 
were similar to the results reported by Stucker (1989) and consistent with 
the observations of Holthaus and Lamkey (1994). 
HS selection produced no significant changes in variance component 
estimates for root or stalk lodging. Additive and dominance variance in 
BS13(S)C0 were the only variance component estimates for root lodging that 
were significantly different from zero. For stalk lodging, only estimates 
for additive variance in BSSSCO and BS13(S)C0 were significantly different 
from zero. Holthaus and Lamkey (1994) reported significant increases in 
75 
additive, additive by environment, and dominance by environment variance 
component estimates for root lodging and significant decreases in dominance 
and additive by environment component estimates for stalk lodging with HS 
selection. 
Dominance variance for pollen shed in BS13(S)C0 was the only genetic 
component estimates for pollen shed and silk emergence that was not 
significantly different from zero. Dominance variance for pollen shed and 
silk emergence were virtually depleted with HS progeny selection. All 
other component estimate changes were relatively small. Stucker (1989) 
also reported a decrease in the estimate of the dominance variance for days 
to anthesis with HS selection. 
Dominance variance estimates for plant height in BSSSCO and BS13(S)C0 
and for ear height in BS13(S)C0 were essentially zero. Additive variance 
component estimates for both traits accounted for the majority of the total 
genetic variation and remained constant with HS selection. Dominance 
variance for ear height was depleted with seven cycles of HS selection. 
Our results for plant and ear height are consistent with those reported by 
Stucker (1989). All variance component estimates for number of ears per 
plant were extremely small and no significant changes were observed over 
cycles of selection. 
The estimated dominance variance component in BS13(S)C0 was the only 
genetic component estimate for kernel row number that was not significantly 
different from zero. The majority of the total genetic variation for 
kernel row number consisted of additive variance, but both additive and 
dominance variance component estimates were reduced significantly with HS 
selection. No dominance variance was present for kernel depth and no 
76 
significant changes with selection were observed for additive variance 
component estimates. Additive variance accounted for the majority of the 
total genetic variance for 300 kernel weight and was unchanged with 
selection, while dominance variance was virtually depleted. 
All genetic variance component estimates for ear length were 
significantly different from zero and remained virtually unchanged with HS 
selection. Additive and dominance variance appeared to contribute equally 
to the total genetic variation for this trait. For ear diameter, no 
dominance variance was observed and additive variance component estimates 
did not change significantly with selection. Stucker (1989) reported that 
selection resulted in a decrease in the amount of additive and dominance 
variance for ear length and dominance variance for ear diameter. 
62 Progeny Selection 
All variance component estimates for grain yield were significantly 
different from zero, except for the dominance by environment interaction 
estimate in BS13(S)C6. Additive and dominance variance were approximately 
equal in magnitude, as were the interaction with environments components. 
Six cycles of Sj-progeny selection produced no significant changes in any 
of the variance component estimates for grain yield, although additive and 
additive by environment interaction components increased by a 
nonsignificant 82 and 38%, respectively. Holthaus and Lamkey (1994) 
reported that additive variance remained unchanged while dominance variance 
showed a relatively large increase in the same selection program. 
S2-progeny selection produced no significant changes in variance 
component estimates for root or stalk lodging. For root lodging, the small 
amounts of additive and dominance variance present in the initial 
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population were depleted with selection. No dominance variance for stalk 
lodging was observed in this selection program. These findings are similar 
to the results reported by Holthaus and Lamkey (1994). 
The only genetic variance component estimate for pollen shed that was 
not significantly different from zero was dominance variance in BS13(S)C6. 
All genetic component estimates for silk emergence were statistically 
significant. The majority of the total genetic variance for both flowering 
traits consisted of additive variance which, along with dominance variance, 
remained virtually unchanged with Sj-progeny selection. 
No dominance variance was present for plant and ear height and number 
of ears per plant in the Sa-progeny selection program. Additive variance 
accounted for the majority of the total genetic variance for all three 
traits, and wasn't changed significantly with selection. Similar estimates 
of additive variance for ear height were reported by Holthaus and Lamkey 
(1994) in a related study. 
Dominance variance component estimates for kernel row number and 
kernel depth were not significantly different from zero and didn't change 
with selection. Additive variance component estimates for both traits 
declined only slightly. Six cycles of S2-progeny selection had no 
significant effect on the amount of additive variance for 300 kernel 
weight. Dominance variance, however, increased slightly from a value which 
was not significantly different from zero. 
All genetic variance component estimates for ear length were 
significantly different from zero and remained virtually unchanged with S2-
progeny selection. For ear diameter, no dominance variance was observed 
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and additive variance component estimates did not change significantly with 
selection. 
Reciprocal Recurrent Selection 
A reduction in all variance component estimates for grain yield was 
detected in the BSSS population per se after 11 cycles of RRS. Dominance 
and dominance by environment interaction variances were reduced by amounts 
that approached significance, with the elimination of dominance variance 
and an estimate of dominance by environment interaction variance that 
approached zero. The majority of the total genetic variance for grain 
yield in the population per se after RRS consisted of additive variance. 
Ballauer (1971) found similar trends after four cycles of selection and 
Bolthaus and Lamkey (1994) reported variance component estimates and 
changes with RRS that were consistent with our results. 
After 11 cycles of RRS, all variance component estimates for root 
lodging were not significantly different from zero, although only the 
additive by environment interaction component was greater than zero to 
begin with. Additive variance component estimates for stalk lodging were 
significant, but additive variance was reduced significantly with RRS. 
These results are generally in agreement with the findings of Bolthaus and 
Lamkey (1994). 
Before RRS, additive and dominance variances for pollen shed and silk 
emergence were generally equal contributors to the total genetic variance. 
After 11 cycles of RRS, additive variance increased slightly for both 
traits and dominance variance for pollen shed and silk emergence were 
virtually depleted. Ballauer (1971) reported that four cycles of RRS in 
BSSS resulted in a slight increase in additive variance and no change in 
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dominance variance. Changes in variance component estimates for grain 
moisture at harvest, as observed by Holthaus and Lamkey (1994), were 
similar to the results for pollen shed and silk emergence in our study. 
Dominance variance estimates for plant height in BSSSCO and 
BSSS(R)C11 were essentially zero. Additive variance component estimates 
for both plant and ear height accounted for the majority of the total 
genetic variation and remained relatively constant with RRS. Dominance 
variance for ear height was reduced slightly. Our results for plant and 
ear height are consistent with those reported by Ballauer (1971) and the 
results of Holthaus and Lamkey (1994) for ear height. A significant 
decrease in the amount of additive genetic variance for number of ears per 
plant was observed over cycles of selection. 
The estimated dominance variance component in BSSS(R)C11 was the only 
genetic component estimate for kernel row number that was not significantly 
different from zero. The majority of the total genetic variation for 
kernel row number consisted of additive variance, but both additive and 
dominance variance component estimates were reduced slightly with RRS. No 
dominance variance was present for kernel depth and no significant changes 
with selection were observed for additive variance component estimates. 
Additive variance accounted for the majority of the total genetic variance 
for 300 kernel weight and was unchanged with selection, while dominance 
variance was virtually depleted. 
All genetic variance component estimates for ear length were 
significantly different from zero. A decrease in the amount of dominance 
variance that approached significance and a slight increase in additive 
variance were observed with RRS. For ear diameter, no dominance variance 
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was observed and additive variance component estimates did not change 
significantly with selection. Similar results for both ear length and 
diameter were reported by Hallauer (1971). 
Heritability Estimates 
Heritability estimates on a half-sib progeny mean basis for grain 
yield, root lodging, stalk lodging, poll shed, silk emergence, plant 
height, ear height, number of ears per plant, kernel row number, ear 
length, ear diameter, kernel depth, and 300 kernel weight measured in four 
BSSS populations combined across environments are provided in Table 31. 
All heritability estimates were significantly different from zero based on 
exact 90% confidence intervals; except for root lodging in BSSSCO, 
BS13(S)C6, and BSSS(R)C11 and number of ears per plant in BSSS(R)C11. 
Heritability estimates were generally a direct reflection of the 
importance of additive genetic variance for the trait and population of 
interest. Variation among the heritability estimates for each trait was 
generally relatively small and no consistent trends were apparent across 
traits for individual selection methods. Based on confidence intervals, 
the only significant change in heritability estimates was a increase in 
silk emergence after 11 cycles of RRS. The average heritability estimates 
for pollen shed (83%), silk emergence (77%), plant height (85%), ear height 
(84%), and kernel row number (89%) were relatively high; intermediate for 
grain yield (54%), Stalk lodging (51%), ear length (66%), ear diameter 
(70%), kernel depth (59%), and 300 kernel weight (67%); and relatively low 
for root lodging (21%) and number of ears per plant (42%). Heritability 
estimates reported by Bolthaus and Lamkey (1994) for traits that are in 
common with our study were generally similar in trend but slightly higher 
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in magnitude. The effects of evaluating the traits at fewer environments 
in our study may have contributed to the observed lower heritability 
estimates. 
Phenotypic and Additive Genetic Correlations 
Phenotypic and additive genetic correlations among 13 traits in four 
BSSS populations combined across environments are provided in Table 32. No 
consistent changes in phenotypic correlations were apparent across traits 
for individual selection methods. When phenotypic correlations for 
particular trait combinations are averaged over selection methods, certain 
trait associations become apparent. Higher grain yield was associated with 
taller plant and ear height, longer ears, and increased 300 kernel weight. 
Later plant flowering was associated with taller plant and ear heights, 
which inherently are highly correlated. More kernel rows per ear was 
associated with larger diameter ears and lower 300 kernel weights. Larger 
diameter ears were generally associated with greater kernel depth and 
increased 300 kernel weight. Genetic correlations generally mirrored 
phenotypic correlation results with no obvious trends or patterns 
developing across the three selection methods. 
SUMMARY 
The results from our study showed that the relative effectiveness of 
the three selection methods for improving the mean performance for grain 
yield of the BSSS populations per se, ranged from 0.4% cycle~^  for HS 
selection to 1.1% cycle"^  for S2-progeny selection to 1.4% cycle"^  for RRS. 
The magnitude of the linear response to S2-progeny selection in our study 
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was consistent with the related study reported by Holthaus and Lamkey 
(1994), but HS and RRS methods produced BSSS population per se responses 
that were significantly smaller in our study. Differences among studies in 
the average linear rate of response may be a function of the number of 
environments in which the materials were evaluated and/or differences in 
methods of evaluation and data collection. 
Variance component estimates showed very little significant change 
for the majority of the traits with all three selection methods. In 
general, the largest portion of the total genetic variance for all traits 
consisted of additive variance. Genetic variance by environmental 
interaction variance components were generally of unimportant magnitude. 
Our study, however, supports the results of other researchers that in BSSS, 
dominance variance plays a more important role in grain yield than in other 
maize populations (Hallauer and Miranda, 1988). The importance of 
dominance variance in BSSS provides for more effective response from 
selection with testcross selection methods that can take advantage of 
dominance genetic effects. The RRS method was found to be the most 
effective at improving the mean performance in BSSS populations per se. It 
is not readily apparent why BS progeny selection was not effective in this 
situation. 
With adequate levels of available additive genetic variance remaining 
and high heritability estimates for most of the traits of interest, future 
response from selection should be achieved from each selection method. 
Secondary selection pressure on important agronomic traits, when the 
primary trait under selection is grain yield, was effective for maintaining 
or improving their level in the advanced population. Selection pressure on 
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these important agronomic traits didn't appear to adversely affect the mean 
performance and genetic parameters of other unselected agronomic traits. 
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Table 1. Expected mean squares and F-tests for testing the significance of the sources of variation 
in the general analyses for individual traits pooled over sets and combined across environments 
Source df MS E(MS) F 
Environment (E) e-1 
Set (S) s-1 
E X S (e-l)(s-l) 
Replication/S/E es(r-l) 
Bntry/S s(mfp-l) MS3 + ro^ gg + reo^ g MS3/MS2 
Among Population (P)/S s(p-l) MS32 MS32/MS22 
BSSSCO vs. BS13(S)C0 s MS323 MS323/MS223 
BS13(S)C0 vs. BS13(S)C6 s MS322 MS322/MS222 
BSSSCO vs. BSSS(R)C11 s MS321 MS321/MS221 
Within P/S Pooled ps(mf-l) MS31 MS31/MS21 
Entry/S x E s(mfp-l)(e-1) MS2 o^ e + ro^ ge MS2/MS1 
Among P/S x E 9(P-l)(e-l) MS22 MS22/MS12 
BSSSCO vs. BS13(S)C0 x E s(e-l) MS223 MS223/MS12 
BS13(S)C0 vs. BS13(S)C6 x E s(e-l) HS222 MS222/MS12 
BSSSCO vs. BSSS(R)C11 x E s(e-l) MS221 MS221/MS12 
Within P/S x E Pooled ps(mf-l)(e-1) MS21 MS21/MS11 
Fooled Error es(mfp-l)(r-1) MSI 
Among P/S Error es(p-l)(r-1) MS12 
Within P/S Error Pooled pes(mf-l)(r-l) MSll 
Table 2. Sources of variation, degrees of freedom, and expected mean squares for Design ZZ analyses 
within individual populations pooled over sets and combined across environments 
Source df E(MS) 
Within Population (P)/Set (S) 
Males (H)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within P/S X E 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 











a^e + ra^mfe + rea^mf + rfo^ me + refo2n, 
o^ e + ra^ jnfg + reo^ j^ f + rmo^ fg + remo^ f 
o^ e + ro^ mfe + J^ e^ m^f + rco^ ce + reco^ ct 
o^ e + ro2mfe + reo^ mf 
o2e + ra2infe + rfa2n,e 
a^ e + ro2infe + rma2fe 
o2e + ro2n,fe + rco2ce 
o2e + ra^mfe 
Within P/S Error es(mf-l)(r-1) o2e 
t - (a2j^  + o2f)/2 represents the male and female pooled component of variance with c = (m+f)/2. 
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Table 3. Analysis of variance for grain yield (Mg ha~^) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 10969 .787** 1650 .96 
Set (S) 12 8 .567 1 .29 
E X S 12 6 .645** 17 .48 
Replication/S/E 26 1 .318** 3 .47 
Entry/S 812 2 .048** 1 .35 
Among Population (P)/S 39 12 .359 0 .67 
BSSSCO vs. BS13(S)C0 13 3 .164 1 .42 
BS13(S)C0 vs. BS13(S)C6 13 8 .016* 3 .46 
BSSSCO vs. BSSS(R)C11 13 27 .366 1, .05 
Within BSSSCO/S 190 2 .167** 2. ,39 
Within BS13(S)C0/S 195 1, .280** 2, .05 
Within BS13(S)C6/S 195 1, .565** 2. 14 
Within BSSS(R)C11/S 193 1, .110** 2, .87 
Entry/S x E 812 1, .517** 3, .99 
Among P/S x E 39 18. 494** 41. 76 
BSSSCO vs. BS13(S)C0 x E 13 2. 224** 5. ,02 
BS13(S)C0 vs. BS13(S)C6 x E 13 2 ,  .315** 5. ,23 
BSSSCO vs. BSSS(R)C11 x E 13 25. 964** 58. ,62 
Within BSSSCO/S x E 190 0. ,906** 1. ,56 
Within BS13(S)C0/S x E 195 0. ,624** 1. ,98 
Within BS13(S)C6/S x E 195 0. ,731** 2. 05 
Within BSSS(R)C11/S x E 193 0. ,386** 1. 48 
Pooled Error 1624 0. 380 
Among P/S Error 78 0. 443 
Within BSSSCO/S Error 380 0. 581 
Within BS13(S)C0/S Error 390 0. 314 
Within BS13(S)C6/S Error 390 0. 356 
Within BSSS(R)C11/S Error 386 0. 261 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 4. Analysis of variance for root 
populations pooled over sets and 
lodging 
combined 
(%) in four BSSS 
across environments 
Source df Mean squares F 
Environment (E) 1 3034.59* 7.45 
Set (S) 12 470.59 1.15 
E X S 12 407.50** 12.38 
Replication/S/E 26 79.41** 2.41 
Entry/S 812 76.81** 1.65 
Among Population (P)/S 39 310.35** 3.27 
BSSSCO vs. BS13(S)C0 13 298.74** 3.97 
BS13(S)C0 vs. BS13(S)C6 13 205.79 1.83 
BSSSCO vs. BSSS(R)C11 13 165.50 2.52 
Within BSSSCO/S 190 44.79* 1.28 
Within BS13(S)C0/S 195 112.56** 1.92 
Within BS13(S)C6/S 195 94.57* 1.27 
Within BSSS(R)C11/S 193 7.10 0.88 
Entry/S x E 812 46.61** 1.42 
Among P/S x E 39 94.92** 3.93 
BSSSCO vs. BS13(S)C0 x E 13 75.23** 3.12 
BS13(S)C0 vs. BS13(S)C6 xE 13 112.50** 4.66 
BSSSCO vs. BSSS(R)C11 x E 13 65.73** 2.72 
Within BSSSCO/S x E 190 34.87** 1.34 
Within BS13(S)C0/S x E 195 58.60 1.16 
Within BS13(S)C6/S x E 195 74.71** 1.51 
Within BSSS(R)C11/S x E 193 8.04 1.18 
Pooled Error 1624 32.90 
Among P/S Error 78 24.12 
Within BSSSCO/S Error 380 26.05 
Within BS13(S)C0/S Error 390 50.64 
Within BS13(S)C6/S Error 390 49.41 
Within BSSS(R)C11/S Error 386 6.82 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 5. Analysis of variance for stalk lodging (%) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 19557.39** 40.00 
Set (S) 12 595.16 1.22 
E X S 12 488.92** 9.91 
Replication/S/E 26 63.08 1.28 
Entry/S 812 117.15** 2.02 
Among Population (P)/S 39 508.79** 3.71 
BSSSCO vs. BS13(S)C0 13 868.36** 8.72 
BS13(S)C0 vs. BS13(S)C6 13 357.20* 2.89 
BSSSCO vs. BSSS(R)C11 13 942.38** 13.47 
Within BSSSCO/S 190 128.54** 2.03 
Within BS13(S)C0/S 195 105.24** 1.67 
Within BS13(S)C6/S 195 98.49** 1.86 
Within BSSS{R)C11/S 193 57.67** 1.59 
Entry/S x E 812 57.90** 1.17 
Among P/S x E 39 137.23** 3.72 
BSSSCO vs. BS13(S)C0 xE 13 99.60** 2.70 
BS13(S)C0 vs. BS13(S)C6 X E 13 123.41** 3.35 
BSSSCO vs. BSSS(R)Cll X E 13 69.94* 1.90 
Within BSSSCO/S x E 190 63.46 1.06 
Within BS13(S)C0/Sx E 195 63.01* 1.23 
Within BS13(S)C6/S x E 195 52.97 1.12 
Within BSSS(R)C11/S x E 193 36.21 0.88 
Pooled Error 1624 49.34 
Among P/S Error 78 36.86 
Within BSSSCO/S Error 380 59.91 
Within BS13(S)C0/S Error 390 51.32 
Within BS13(S)C6/S Error 390 47.50 
Within BSSS(R)C11/S Error 386 41.33 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 6. Analysis of variance for pollen shed (GDU ®C) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 2602030.1** 1529.91 
Set (S) 12 5144.9* 3.03 
E X S 12 1700.8** 17.10 
Replication/S/E 26 637.8** 6.41 
Entry/S 812 1278.8** 9.63 
Among Population (P)/S 39 13375.7** 45.57 
BSSSCO vs. BS13(S)C0 13 2010.5** 9.74 
BS13<S)C0 vs. BS13(S)C6 13 4728.6** 18.01 
BSSSCO vs. BSSS(R)C11 13 20038.5** 158.98 
Within BSSSCO/S 190 857.2** 6.16 
Within BS13(S)C0/S 195 563.6** 4.34 
Within BS13(S)C6/S 195 517.8** 5.08 
Within BSSS(R)C11/S 193 740.8** 5.79 
Entry/S x E 812 132.8** 1.33 
Among P/S x E 39 293.5** 2.36 
BSSSCO vs. BS13(S)C0 X E 13 206.4 1.66 
BS13(S)C0 vs. BS13(S)C6 X E 13 262.6* 2.12 
BSSSCO vs. BSSS(R)C11 x E 13 126.1 1.02 
Within BSSSCO/S x E 190 139.2** 1.36 
Within BS13(S)C0/S x E 195 129.8 1.15 
Within BS13(S)C6/S x E 195 101.9 1.14 
Within BSSS(R)CI1/S X E 193 128.0** 1.45 
Pooled Error 1624 99.5 
Among P/S Error 78 124.1 
Within BSSSCO/S Error 380 102.2 
Within BS13(S)C0/S Error 390 113.3 
Within BS13(S)C6/S Error 390 89.2 
Within BSSS(R)C11/S Error 386 88.3 
*,** significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 7. Analysis of variance for silk emergence (GDU °C) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 2786427 .8** 1598 .99 
Set (S) 12 4808 .7* 2 .76 
E X S 12 1742 .6** 12 .65 
Replication/S/E 26 564 .3** 4 .10 
Entry/S 812 1813 .6** 8 .65 
Among Population (P)/S 39 21827 .1** 22 .50 
BSSSCO vs. BS13(S)C0 13 4639 .6** 48 .56 
BS13(S)C0 vs. BS13(S)C6 13 4603 .1** 10. 34 
BSSSCO vs. BSSS(R)C11 13 48686 .7** 24. 41 
Within BSSSCO/S 190 948 .1** 5. 68 
Within BS13(S)C0/S 195 574, .4** 3, .64 
Within BS13(S)C6/S 195 623. 5** 4. 26 
Within BSSS(R)C11/S 193 1075, .8** 5, .01 
Entry/S x E 812 209. 7** 1. ,52 
Among P/S x E 39 970, ,1** 5. ,79 
BSSSCO vs. BS13(S)C0 x E 13 95. 6 0. ,57 
BS13(S)C0 vs. BS13(S)C6 X E 13 445. ,3** 2. ,66 
BSSSCO vs. BSSS(R)C11 X E 13 1994. ,8** 11. 90 
Within BSSSCO/S x E 190 167. ,0 1. ,09 
Within BS13(S)C0/S x E 195 157. ,9* 1. 25 
Within BS13{S)C6/S x E 195 146. ,2* 1. 27 
Within BSSS(R)C11/S x E 193 214. 6** 1. 43 
Pooled Error 1624 137. ,7 
Among P/S Error 78 167. 6 
Within BSSSCO/S Error 380 153. 6 
Within BS13(S)C0/S Error 390 126. 4 
Within BS13(S)C6/S Error 390 115. 5 
Within BSSS(R)C11/S Error 386 149. 9 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 8. Analysis of variance for plant height (cm) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 37161.7** 8.53 
Set (S) 12 6957.5 1.60 
E X S 12 4358.1** 117.82 
Replication/S/E 26 4470.4** 120.86 
Entry/S 812 283.1** 5.72 
Among population (P)/S 39 2227.4** 13.61 
BSSSCO vs. BS13(S)C0 13 1673.0** 6.41 
BS13(S)C0 vs. BS13(S)C6 13 1608.3** 20.34 
BSSSCO vs. BSSS(R)C11 13 3640.0** 30.21 
Within BSSSCO/S 190 190.2** 4.34 
Within BS13(S)C0/S 195 170.1** 3.83 
Within BS13(S)C6/S 195 211.3** 4.91 
Within BSSS(R)C11/S 193 168.3** 3.84 
Entry/S x E 812 49.5** 1.34 
Among P/S x E 39 163.6** 3.53 
BSSSCO vs. BS13(S)C0 x E 13 261.0** 5.63 
BS13(S)C0 vs. BS13(S)C6 x E 13 79.1 1.71 
BSSSCO vs. BSSS(R)C11 X E 13 120.5** 2.60 
Within BSSSCO/S x E 190 43.9 1.19 
Within BS13(S)C0/S x E 195 44.4 1.13 
Within BS13(S)C6/S x E 195 43.1** 1.33 
Within BSSS(R)C11/S x E 193 43.8 1.18 
Pooled Error 1624 37.0 
Among P/S Error 78 46.4 
Within BSSSCO/S Error 380 37.6 
Within BS13(S)C0/S Error 390 39.1 
Within BS13(S)C6/S Error 390 32.3 
Within BSSS(R)CI1/S Error 386 37.0 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 9. Analysis of variance for ear height (cm) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 5728.8** 8.46 
Set (S) 12 2753.5** 4.07 
E X S 2^ 677.3** 21.20 
Replication/S/E 26 206.5** 6.46 
Entry/S 812 473.8** 11.24 
Among Population (P)/S 39 5979.4** 78.02 
BSSSCO vs. BS13(S)C0 13 1408.0** 13.44 
BS13(S)C0 vs. BS13(S)C6 13 1978.6** 23.77 
BSSSCO vs. BSSS(R)C11 13 14646.0** 196.01 
Within BSSSCO/S 190 197.9** 4.44 
Within BS13(S)C0/S 195 168.3** 4.35 
Within BS13(S)C6/S 195 206.7** 5.60 
Within BSSS(R)C11/S 193 211.5** 5.08 
Entry/S x E 812 42.2** 1.32 
Among P/S x E 39 76.6** 1.97 
BSSSCO vs. BS13(S)C0 x E 13 104.8** 2.70 
BS13(S)C0 vs. BS13(S)C6 xE 13 83.2* 2.14 
BSSSCO vs. BSSS(R)C11 x E 13 74.7* 1.92 
Within BSSSCO/S x E 190 44.6* 1.27 
Within BS13(S)C0/S x E 195 38.7** 1.51 
Within BS13(S)G6/S x E 195 36.9* 1.26 
Within BSSS(R)C11/S x E 193 41.7 1.14 
Pooled Error 1624 32.0 
Among P/S Error 78 38.8 
Within BSSSCO/S Error 380 35.2 
Within BS13(S)C0/S Error 390 25.7 
Within BS13(S)C6/S Error 390 29.3 
Within BSSS(R)C11/S Error 386 36.4 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 10. Analysis of variance for niunber of ears per plant in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 20.375** 253.84 
Set (S) 12 0.115 1.44 
E X S 12 0.080** 9.32 
Replication/S/E 26 0.012 1.41 
Entry/S 812 0.036** 1.85 
Among population (P)/S 39 0.315** 2.11 
BSSSCO vs. BS13(S)C0 13 0.453** 5.60 
BS13(S)C0 vs. BS13(S)C6 13 0.028 1.58 
BSSSCO VS. BSSS(R)C11 13 0.729 1.78 
Within BSSSCO/S 190 0.029** 1.92 
Within BS13(S)C0/S 195 0.021** 1.71 
Within BS13(S)C6/S 195 0.026** 1.57 
Within BSSS(R)C11/S 193 0.010** 1.49 
Entry/S x E 812 0.019** 2.24 
Among P/S x E 39 0.150** 14.45 
BSSSCO VS. BS13(S)C0 x E 13 0.081** 7.81 
BS13(S)C0 vs. BS13(S)C6 x E 13 0.018 1.73 
BSSSCO vs. BSSS(R)C11 X E 13 0.410** 39.61 
Within BSSSCO/S x E 190 0.015** 1.68 
Within BS13(S)C0/S x E 195 0.013 1.19 
Within BS13(S)C6/S X E 195 0.017** 1.69 
Within BSSS(R)CI1/S xE 193 0.007** 1.44 
Pooled Error 1624 0.009 
Among P/S Error 78 0.010 
Within BSSSCO/S Error 380 0.009 
Within BS13(S)C0/S Error 390 0.011 
Within BS13(S)C6/S Error 390 0.010 
Within BSSS(R)C11/S Error 386 0.005 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 11. Analysis of variance for kernel row number in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 181.77** 67.98 
Set (S) 12 14.99** 5.61 
E X S 12 2.67** 6.33 
Replication/S/E 26 0.92** 2.18 
Entry/S 812 8.21** 15.27 
Among Population (P)/S 39 112.91** 63.20 
BSSSCO vs. BS13(S)C0 13 53.44** 32.03 
BS13(S)C0 vs. BS13(S)C6 13 21.75** 45.60 
BSSSCO vs. BSSS(R)C11 13 49.48** 12.01 
Within BSSSCO/S 190 4.64** 7.83 
Within BS13(S)C0/S 195 2.35** 4.84 
Within BS13(S)C6/S 195 1.78** 5.51 
Within BSSS(R)CI1/S 193 3.00** 5.97 
Entry/S x E 812 0.54** 1.27 
Among P/S x E 39 1.79** 4.15 
BSSSCO vs. BS13(S)C0 x E 13 1.67** 3.87 
BS13(S)C0 vs. BS13(S)C6 X E 13 0.48 1.11 
BSSSCO vs. BSSS(R)C11 X E 13 4.12** 9.56 
Within BSSSCO/S xE 190 0.59 1.14 
Within BS13(S)C0/S x E 195 0.49 1.06 
Within BS13(S)C6/S x E 195 0.32 1.05 
Within BSSS(R)C11/S x E 193 0.50* 1.24 
Pooled Error 1624 0.42 
Among P/S Error 78 0.43 
Within BSSSCO/S Error 380 0.52 
Within BS13(S)C0/S Error 390 0.46 
Within BS13(S)C6/S Error 390 0.31 
Within BSSS(R)C11/S Error 386 0.40 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 12. Analysis of variance for ear length (cm) in four BSSS 
populations pooled over sets and combined across environments 
Source d£ Mean squares F 
Environment (E) 1 4676.463** 381.84 
Set (S) 12 16.008 1.31 
E X S 12 12.247** 17.72 
Replication/S/E 26 1.875** 2.71 
Entry/S 812 3.260** 3.31 
Among Population (P)/S 39 19.606** 4.79 
BSSSCO vs. BS13(S)C0 13 5.247* 3.00 
BS13(S)C0 vs. BS13(S)C6 13 21.612** 14.36 
BSSSCO vs. BSSS(R)C11 13 19.572* 2.89 
Within BSSSCO/S 190 2.730** 2.90 
Within BS13(S)C0/S 195 2.359** 2.50 
Within BS13(S)C6/S 195 2.379** 2.85 
Within BSSS(R)C11/S 193 2.279** 3.82 
Entry/S x E 812 0.986** 1.43 
Among P/S x E 39 1.097** 4.75 
BSSSCO vs. BS13(S)C0 X E 13 1.749* 2.03 
BS13(S)C0 vs. BS13(S)C6 x E 13 1.505 1.75 
BSSSCO vs. BSSS(R)C11 x E 13 6.777** 7.86 
Within BSSSCO/S x E 190 0.942 1.16 
Within BS13(S)C0/S x E 195 0.945 1.16 
Within BS13(S)C6/S x E 195 0.835** 1.37 
Within BSSS(R)C11/S x E 193 0.596 1.20 
Pooled Error 1624 0.691 
Among P/S Error 78 0.862 
Within BSSSCO/S Error 380 0.814 
Within BS13(S)C0/S Error 390 0.813 
Within BS13(S)C6/S Error 390 0.609 
Within BSSS(R)C11/S Error 386 0.496 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 13. Analysis of variance for ear diameter (cm) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 187.354** 585.68 
Set (S) 12 0.609 1.90 
E X S 12 0.320** 5.45 
Replication/S/E 26 0.074 1.26 
Entry/S 812 0.140** 1.66 
Among Population (P)/S 39 0.612 1.12 
BSSSCO vs. BS13(S)C0 13 0.318 2.16 
BS13(S)C0 vs. BS13(S)C6 13 0.904** 17.44 
BSSSCO vs. BSSS(R)C11 13 0.372 0.76 
Within BSSSCO/S 190 0.125** 2.36 
Within BS13{S)C0/S 195 0.143** 1.60 
Within BS13(S)C6/S 195 0.143** 1.62 
Within BSSS(R)C11/S 193 0.054** 4.04 
Entry/S x E 812 0.085** 1.44 
Among P/S x E 39 0.547** 9.13 
BSSSCO vs. BS13(S)C0 X E 13 0.147** 2.46 
BS13(S)C0 vs. BS13(S)C6 x E 13 0.052 0.87 
BSSSCO vs. BSSS(R)C11 X E 13 0.493** 8.23 
Within BSSSCO/S x E 190 0.053 1.09 
Within BS13(S)C0/S X E 195 0.090 1.14 
Within BS13(S)C6/S xE 195 0.088 0.91 
Within BSSS(R)C11/S x E 193 0.013** 1.46 
Pooled Error 1624 0.059 
Among P/S Error 78 0.060 
Within BSSSCO/S Error 380 0.048 
Within BS13(S)C0/S Error 390 0.079 
Within BS13(S)C6/S Error 390 0.097*8 
Within BSSS(R)C11/S Error 386 0.009 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 14. Analysis o£ variance for kernel depth (cm) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares 
Environment (E) 
Set ( S )  
E X S 
Replication/S/E 
Entry/S 
Among Population (P)/S 
BSSSCO vs. BS13(S)C0 
BS13(S)C0 vs. BS13(S)C6 





Entry/S x E 
Among P/S x E 
BSSSCO vs. BS13(S)C0 x E 
BS13(S)C0 vs. BS13(S)C6 X E 
BSSSCO vs. BSSS(R)C11 x E 
Within BSSSCO/S X E 
Within BS13(S)C0/S x E 
Within BS13(S)C6/S x E 
Within BSSS(R)C11/S x E 
Pooled Error 
Among P/S Error 
Within BSSSCO/S Error 
Within BS13(S)C0/S Error 
Within BS13(S)C6/S Error 












































































1 . 1 2  
0.86 
1 .02  
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 15. Analysis of variance for 300 kernel weight (g) in four BSSS 
populations pooled over sets and combined across environments 
Source df Mean squares F 
Environment (E) 1 253258.61** 235.90 
Set (S) 12 461.61 0.43 
E X S 12 1073.60** 42.50 
Replication/S/E 26 532.79** 21.09 
Entry/S 812 108.45** 1.41 
Among Population (P)/S 39 440.50 0.51 
BSSSCO vs. BS13(S)C0 13 427.30 0.81 
BS13(S)C0 vs. BS13(S)C6 13 500.91** 6.98 
BSSSCO vs. BSSS(R)C11 13 304.87 0.79 
Within BSSSCO/S 190 103.16** 2.98 
Within BS13(S)C0/S 195 103.75** 2.00 
Within BS13(S)C6/S 195 90.97** 2.51 
Within BSSS(R)C11/S 193 68.97** 2.47 
Entry/S x E 812 77.07** 3.05 
Among P/S x E 39 856.75** 34.75 
BSSSCO vs. BS13(S)C0 xE 13 527.18** 21.38 
BS13(S)C0 vs. BS13(S)C6 x E 13 71.81** 2.91 
BSSSCO vs. BSSS(R)C11 x E 13 384.03** 15.57 
Within BSSSCO/S x E 190 34.64 1.19 
Within BS13(S)C0/Sx E 195 51.88** 1.56 
Within BS13(S)C6/S x E 195 36.25** 1.77 
Within BSSS(R)C11/S x E 193 27.97** 1.52 
Pooled Error 1624 25.26 
Among P/S Error 78 24.66 
Within BSSSCO/S Error 380 29.10 
Within BS13(S)C0/S Error 390 33.16 
Within BS13(S)C6/S Error 390 20.51 
Within BSSS(R)C11/S Error 386 18.41 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 16. Means, error variances, and coefficients of variation for 13 
traits measured in four BSSS populations combined across environments 
Traitt Mean ± SE CV (%) 
Grain Yield (Mg ha~^ ) 
BSSSCO 4.85 ± 0.05 0.581 15.7 
BS13(S)C0 5.00 ± 0.04 0.314 11.2 
BS13(S)C6 5.37 ± 0.04 0.356 11.1 
BSSS(R)C11 5.62 ±0.04 0.261 9.1 
Root Lodging (%) 
BSSSCO 2.5 ± 0.2 26.05 204.2 
BS13(S)C0 5.0 ± 0.4 50.64 142.3 
BS13(S)C6 3.4 ±0.3 49.41 206.7 
BSSS(R)C11 0.6 ± 0.1 6.82 435.3 
Stalk Lodging (%) 
BSSSCO 14.0 ±0.4 59.91 55.3 
BS13(S)C0 9.3 ± 0.4 51.32 77.0 
BS13(S)C6 11.2 ± 0.3 47.50 61.5 
BSSS(R)C11 8.6 ± 0.3 41.33 74.8 
Pollen Shed (GDO ®C) 
BSSSCO 846 ± 1.0 102.2 1.2 
BS13(S)C0 844 ± 0.8 113.3 1.3 
BS13(S)C6 852 ± 0.8 89.2 1.1 
BSSS(R)C11 822 ±0.9 88.3 1.1 
Silk Emergence (GDU °C) 
BSSSCO 867 ± 1.1 153.6 1.4 
BS13(S)C0 858 ± 0.8 126.4 1.3 
BS13(S)C6 861 ±0.9 115.5 1.2 
BSSS(R)C11 829 ± 1.1 149.8 1.5 
Plant Height (cm) 
BSSSCO 230 ± 0.5 37.6 2.7 
BS13(S)C0 224 ± 0.5 39.1 2.8 
BS13(S)C6 220 ± 0.5 32.3 2.6 
BSSS(R)C11 221 ± 0.5 37.0 2.8 
t All traits were measured at Ames, Iowa in 1992 and 1993. 
101 
Table 16. (Continued) 
Trait Mean ± SE o^ e CV (%) 
Ear Height (cm) 
BSSSCO 121 ± 0.5 35.2 4.9 
BS13(S)C0 115 ±0.5 25.7 4.4 
BS13(S)C6 110 ± 0.5 29.3 4,9 
BSSS(R)C11 100 ± 0.5 36.4 6.0 
Ears per Plant (no.) 
BSSSCO 0.84 ± 0.006 0.009 11.3 
BS13(S)C0 0.95 ± 0.005 0.011 11.0 
BS13(S)C6 0.96 ± 0.006 0.010 10.4 
BSSS(R)C11 0.98 ±0.004 0.005 7.2 
Kernel Row Number (no.) 
BSSSCO 16.7 ± 0.07 0.52 4.3 
BS13(S)C0 15.6 ± 0.05 0.46 4.3 
BS13(S)C6 15.1 ± 0.05 0.31 3.7 
BSSS(R)C11 17.9 ± 0.06 0.40 3.5 
Ear Length (csm) 
BSSSCO 15.0 ± 0.06 0.814 6.0 
BS13(S)C0 14.9 ± 0.05 0.813 6.1 
BS13(S)C6 15.6 ± 0.05 0.609 5.0 
BSSS(R)C11 14.6 ± 0.05 0.496 4.8 
Ear Diameter (cm) 
BSSSCO 4.4 ± 0.01 0.048 5.0 
BS13(S)C0 4.4 ±0.01 0.079 6.4 
BS13(S)C6 4.3 ± 0.01 0.098 7.3 
BSSS(R)C11 4.4 ± 0.01 0.009 2.2 
Kernel Depth (cm) 
BSSSCO 0.81 ± 0.005 0.011 12.9 
BS13(S)C0 0.75 ±0.006 0.019 18.4 
BS13(S)C6 0.68 ± 0.006 0.026 23.7 
BSSS(R)C11 0.81 ±0.003 0.004 7.8 
300 Kernel Weight (g) 
BSSSCO 58.8 ± 0.35 29.10 9.2 
BS13(S)C0 61.2 ± 0.35 33.16 9.4 
BS13(S)C6 60.0 ±0.33 20.51 7.5 
BSSS(R)C11 58.1 ± 0.29 18.41 7.4 
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Table 17. Within population analysis of variance for grain yield (Mg ha~^) 
in four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





































M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 


























1 . 6 2  
1.83 
1.98 




*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 17. (Continued) 
Source df Mean squares F 
BS13(S)C6 
Within BS13(S)C6/Set (S) 195 1.565** 2.14 
Males (M)/S 39 3.244** 2.15 
Females (F)/S 39 2.535* 1.85 
M/S and F/S Pooled 78 2.890** 2.01 
M X F /S 117 0.682** 1.59 
Within BS13(S)C6/S X Env (E) 195 0.731** 2.05 
M/S X E 39 1.254** 2.93 
F/S X E 39 1.117** 2.61 
M/S X E and F/S x E Pooled 78 1.186** 2.77 
M X F /S X E 117 0.428 1.20 
Within BS13(S)C6/S Error 390 0.356 
BSSS(R)C11 
Within BSSS(R)C11/S 193 1.110** 2.87 
Males (M)/S 38 2.248** 4.42 
Females (F)/S 39 1.747** 3.03 
M/S and F/S Pooled 77 1.994** 3.67 
M X F /S 114 0.409 1.22 
Within BSSS(R)C11/S x Env (E) 193 0.386** 1.48 
M/S X E 38 0.436 1.30 
F/S X E 39 0.504* 1.50 
M/S X E and F/S x E Pooled 77 0.470* 1.40 
M X F /S X E 114 0.336* 1.29 
Within BSSS(R)C11/S Error 386 0.261 
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Table 18. Within population analysis of variance for root lodging (%) in 
four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





































M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 

























1 . 8 6  
1.89 
1.42 





*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
105 
Table 18. (Continued) 
Source df Mean squares F 
BS13(S)C6 
Within BS13(S)C6/Set (S) 195 94.57* 1.27 
Males (H)/S 39 152.02 1.71 
Females (F)/S 39 111.14 1.23 
H/S and F/S Pooled 78 131.58 1.47 
M X F /S 117 69.90 1.05 
Within BS13(S)C6/S x Env (E) 195 74.71** 1.51 
M/S X E 39 85.92 1.29 
F/S X E 39 87.04 1.30 
H/S X E and F/S x E Pooled 78 86.48 1.29 
H X F /S X E 117 66.86* 1.35 
Within BS13(S)C6/S Error 390 49.41 
BSSS(R)C11 
Within BSSS(R)C11/S 193 7.10 0.88 
Hales (H)/S 38 8.30 0.96 
Females (F)/S 39 7.44 0.86 
H/S and F/S Pooled 77 7.87 0.91 
H X F /S 114 6.70 0.93 
Within BSSS(R)C11/S x Env (E) 193 8.04 1.18 
H/S X E 38 9.15 1.27 
F/S X E 39 9.15 1.28 
H/S X E and F/S x E Pooled 77 9.15 1.28 
H X F /S X E 114 7.17 1.05 
Within BSSS(R)C11/S Error 386 6.82 
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Table 19. Within population analysis of variance for stalk lodging (%) in 
four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





































M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 

































*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 19. (Continued) 
Source d£ Mean squares F 
BS13(S)C6 
Within BSl3(S)C6/Set (S) 195 98.49** 1.86 
Males (M)/S 39 185.37** 2.14 
Females (F)/S 39 126.16* 2.01 
M/S and F/S Pooled 78 155.76** 2.09 
M X F /S 117 60.31 1.28 
Within BS13(S)C6/S x Env (E) 195 52.97 1.12 
M/S X E 39 73.43* 1.55 
F/S X E 39 49.60 1.05 
M/S X E and F/S x E Pooled 78 61.51 1.30 
M X F /S X E 117 47.27 1.00 
Within BS13(S)C6/S Error 390 47.50 
BSSS(R)C11 
Within BSSS(R)C11/S 193 57.67** 1.59 
Males (M)/S 38 72.94 1.67 
Females (F)/S 39 94.07* 1.86 
M/S and F/S Pooled 77 83.64* 1.77 
M X F /S 114 39.00 1.20 
Within BSSS(R)CI1/S X Env (E) 193 36.21 0.88 
M/S X E 38 37.29 1.14 
F/S X E 39 44.05 1.35 
M/S X E and F/S x E Pooled 77 40.72 1.25 
M X F /S X E 114 32.57 0.79 
Within BSSS(R)C11/S Error 386 41.33 
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Table 20. Within population analysis of variance for pollen shed (GDU °C) 
in four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares F 
BSSSCO 
Within BSSSCO/Set (S) 190 857.2** 6.16 
Males (M)/S 39 831.1** 2.80 
Females (F)/S 35 2416.2** 6.11 
M/S and F/S Pooled 74 1580.8** 4.61 
M X F /S 105 298.3** 2.63 
Within BSSSCO/S X Env (E) 190 139.2** 1.36 
M/S X E 39 111.7 0.99 
F/S X E 35 210.1** 1.86 
M/S X E and F/S x E Fooled 74 158.2 1.40 
M X F /S X E 105 113.2 1.11 
Within BSSSCO/S Error 380 102.2 
BS13(S)C0 
Within BS13(S)C0/S 195 563.6** 4.34 
Hales (M)/S 39 1087.4** 5.57 
Females (F)/S 39 1267.6** 8.38 
N/S and F/S Pooled 78 1177.5** 6.80 
M X F /S 117 154.3 1.26 
Within BS13(S)C0/S x Env (E) 195 129.8 1.15 
M/S X E 39 163.1 1.33 
F/S X E 39 119.2 0.97 
M/S X E and F/S x E Pooled 78 141.2 1.15 






Within BS13(S)C0/S Error 390 113.3 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 20. (Continued) 
Source df Mean squares 
BS13(S)C6 
Within BS13(S)C6/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BS13(S)C6/S X Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





M/S and F/S Pooled 
M X F /S 
Within BSSS(R)C11/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 

























































8 .02  
8.01  




1 .61  
1 .16  
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Table 21. Within population analysis of variance for silk emergence 
(GDU °C) in four BSSS populations pooled over sets and combined 
across environments 
Source df Mean squares F 
BSSSCO 
Within BSSSCO/Set (S) 190 948.1** 5.68 
Males (M)/S 39 793.2* 1.60 
Females (F)/S 35 2389.7** 4.88 
M/S and F/S Pooled 74 1548.3** 3.14 
M X F /S 105 423.4** 2.93 
Within BSSSCO/S x Env (E) 190 167.0 1.09 
M/S X E 39 216.8* 1.50 
F/S X E 35 210.7 1.46 
M/S X E and F/S x E Pooled 74 213.9* 1.48 
M X F /S X E 105 144.4 0.94 
Within BSSSCO/S Error 380 153.6 
BS13(S)C0 
Within BS13(S)C0/S 195 574.4** 3.64 
Males (M)/S 39 1084.7** 3.49 
Females (F)/S 39 1171.7** 5.46 
M/S and F/S Pooled 78 1128.2** 4.30 
M X F /S 117 205.2** 1.52 
Within BS13(S)C0/S x Env (E) 195 157.9* 1.25 
M/S X E 39 240.4** 1.78 
F/S X E 39 144.2 1.07 
M/S X E and F/S x E Pooled 78 192.3* 1.43 
M x F / S x E  117 134.9 1.07 
Within BS13(S)C0/S Error 390 126.4 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 21. (Continued) 
Source df Mean squares F 
BS13(S)C6 
Within BS13(S)C6/Set (S) 195 623.5** 4.26 
Males (M)/S 39 803.3** 2.43 
Females (F)/S 39 1639.0** 6.60 
M/S and F/S Pooled 78 1221.1** 4.22 
M X F /S 117 225.1** 1.87 
Within BS13(S)C6/S x Env (E) 195 146.2* 1.27 
H/S X E 39 225.9** 1.88 
F/S X E 39 143.7 1.19 
M/S X E and F/S x E Pooled 78 184.8* 1.53 
M X F /S X E 117 120.5 1.04 
Within BS13(S)C6/S Error 390 115.5 
BSSS(R)C11 
Within BSSS<R)C11/S 193 1075.8** 5.01 
Males (H)/S 38 2042.8** 7.38 
Females (F)/S 39 2379.6** 7.82 
M/S and F/S Pooled 77 2213.4** 7.61 
M X F /S 114 203.3 1.13 
Within BSSS(R)C11/S x Env (E) 193 214.6** 1.43 
M/S X E 38 253.0 1.41 
F/S X E 39 280.7* 1.56 
M/S X E and F/S x E Pooled 77 267.1* 1.49 
M X F /S X E 114 179.6 1.20 
Within BSSS(R)C11/S Error 386 149.9 
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Table 22. Within population analysis of variance for plant height (cm) 
in four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Hales (M)/S 
Females (F)/S 
H/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F VS X E 






























0 . 6 6  
0.75 





M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 



























1 . 2 0  
1.13 
1.21 
1 .12  
1.16 
1 .06  
*,** Significant at the 0.05 and 0.01 probability levels/ respectively. 
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Table 22. (Continued) 
Source df Mean squares F 
BS13(S)C6 
Within BS13(S)C6/Set (S) 195 211.3** 4.91 
Males (M)/S 39 401.0** 12.54 
Females (F)/S 39 532.9** 7.53 
M/S and F/S Pooled 78 467.0** 9.09 
M X F /S 117 40.9 1.05 
Within BS13(S)C6/S x Env (E) 195 43.1** 1.33 
M/S X E 39 30.0 0.77 
F/S X E 39 68.8** 1.77 
M/S X E and F/S x E Pooled 78 49.4 1.27 
M X F /S X E 117 38.9 1.20 
Within BS13(S)C6/S Error 390 32.3 
BSSS(R)C11 
Within BSSS(R)C11/S 193 168.3** 3.84 
Males (M)/S 38 368.0** 4.41 
Females (F)/S 39 348.5** 8.23 
M/S and F/S Pooled 77 358.1** 5.72 
M X F /S 114 41.5 1.17 
Within BSSS(R)C11/S x Env (E) 193 43.8 1.18 
M/S X E 38 77.5** 2.18 
F/S X E 39 36.4 1.02 
M/S X E and F/S x E Pooled 77 56.7** 1.59 
M X F /S X E 114 35.6 0.96 
Within BSSS(R)C11/S Error 386 37.0 
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Table 23. Within population analysis of variance for ear height (cm) in 
four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 

































































*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 23. (Continued) 
Source df Mean squares 
BS13(S)C6 
Within BS13(S)C6/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BS13(S)C6/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





M/S and F/S Pooled 
M X F /S 
Within BSSS(R)C11/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 















































8 . 8 2  
10.41 
1 .16  
















Table 24. Within population analysis of variance for number of ears per 
plant in four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





































M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S X E Pooled 
M X F /S X E 

























2 . 6 2  
1.97 





1 .11  
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 24. (Continued) 
Source df Mean squares F 
BS13(S)C6 
Within BS13(S)C6/Set (S) 195 0.026** 1.57 
Males (M)/S 39 0.045* 1.89 
Females (F)/S 39 0.045* 2.07 
M/S and F/S Pooled 78 0.045** 1.98 
M X F /S 117 0.013 1.03 
Within BS13(S)C6/S x Env (E) 195 0.017** 1.69 
M/S X E 39 0.023** 1.86 
F/S X E 39 0.022** 1.72 
H/S X E and F/S x E Pooled 78 0.022** 1.79 
M X F /S X E 117 0.013* 1.28 
Within BS13(S)C6/S Error 390 0.010 
BSSS(R)C11 
Within BSSS(R)C11/S 193 0.010** 1.49 
Hales (H)/S 38 0.017 1.67 
Females (F)/S 39 0.011 1.17 
H/S and F/S Pooled 77 0.014 1.44 







Within BSSS(R)C11/S x Env (E) 193 0.007** 1.44 
H/S X E 38 0.009 1.48 
F/S X E 39 0.007 1.26 
H/S X E and F/S x E Pooled 77 0.008 1.37 
H X F /S X E 114 0.006 1.24 
Within BSSS(H)C11/S Error 386 0.005 
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Table 25. Within population analysis of variance for kernel row number 
in four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Hales (H)/S 
Females (F)/S 
M/S and F/S Fooled 
M X F /S 
Within BSSSCO/S X Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
H X F 7S X E 





































M/S and F/S Pooled 
H X F /S 
Within BS13(S)C0/S X Env (E) 
H/S X E 
F/S X E 
H/S X E and F/S x E Pooled 
H X F /S X E 

































*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 25. (Continued) 
Source df Mean squares F 
BS13(S)C6 
Within BSl3(S)C6/Set (S) 195 1.78** 5.51 
Males (M)/S 39 3.91** 11.24 
Females (F)/S 39 3.89** 8.51 
M/S and F/S Pooled 78 3.90** 9.69 
M X F /S 117 0.37 1.20 
Within BS13(S)C6/S x Env (E) 195 0.32 1.05 
M/S X E 39 0.29 0.92 
F/S X B 39 0.39 1.26 
M/S X E and F/S x E Pooled 78 0.34 1.09 
M X F /S X E 117 0.31 1.01 
Within BS13(S)C6/S Error 390 0.31 
BSSS(R)C11 
Within BSSS(R)C11/S 193 3.00** 5.97 
Hales (H)/S 38 6.09** 6.15 
Females (F)/S 39 7.22** 15.31 
H/S and F/S Pooled 77 6.66** 9.15 
H X F 7S 114 0.52 1.24 
Within BSSS(R)C11/S x Env (E) 193 0.50* 1.24 
M/S X E 38 0.89** 2.13 
F/S X E 39 0.37 0.89 
M/S X E and F/S x E Pooled 77 0.63* 1.50 
H X F /S X E 114 0.42 1.04 
Within BSSS(R)C11/S Error 386 0.40 
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Table 26. Within population analysis of variance for ear length (cm) In 
four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Knv (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





































M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 
































0 . 8 2  
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 26. (Continued) 
Source df Mean squares 
BS13(S)C6 
Within BS13(S)C6/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BS13(S)C6/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





M/S and F/S Pooled 
M X F /S 
Within BSSS(R)C11/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 


































































Table 27. Within population analysis of variance for ear diameter (cm) 
in four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
H/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
H/S X E and F/S x E Pooled 
M X F /S X E 





H/S and F/S Pooled 
H X F /S 
Within BS13(S)C0/S x Env (E) 
H/S X E 
F/S X E 
H/S X E and F/S x E Pooled 
H X F /S X E 

































































*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 27. (Continued) 
Source df Mean squares F 
BS13(S)C6 
Within BS13(S)C6/Set (S) 195 0.143** 1.62 
Males (M)/S 39 0.231** 3.12 
Females (F)/S 39 0.185* 2.12 
H/S and F/S Pooled 78 0.208** 2.58 
M X F /S 117 0.100 1.04 
Within BS13(S)C6/S x Env (E) 195 0.088 0.91 
M/S X E 39 0.070 0.73 
F/S X E 39 0.083 0.86 
M/S X E and F/S x E Pooled 78 0.077 0.80 
M X F /S X E 117 0.096 0.99 
Within BS13(S)C6/S Error 390 0.098 
BSSS(R)C11 
Within BSSS(R)C11/S 193 0.054** 4.04 
Males (M)/S 38 0.118** 9.09 
Females (F)/S 39 0.103** 6.10 
M/S and F/S Pooled 77 0.110** 7.38 
M X F /S 114 0.013 1.04 
Within BSSS(R)C11/S x Env (E) 193 0.013** 1.46 
M/S X E 38 0.013 1.00 
F/S X E 39 0.016 1.31 
M/S X E and F/S x E Pooled 77 0.015 1.16 
M X F /S X E 114 0.013* 1.38 
Within BSSS(R)C11/S Error 386 0.009 
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Table 28. Within population analysis of variance for kernel depth (cm) 
in four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares F 
BSSSCO 
Within BSSSCO/Set (S) 190 0.022** 1.79 
Hales (M)/S 39 0.026* 2.24 
Females (F)/S 35 0.027* 2.25 
M/S and F/S Pooled 74 0.026** 2.25 
M X F /S 105 0.010 1.05 
Within BSSSCO/S X Env (E) 190 0.012 1.09 
M/S X E 39 0.11 1.24 
F/S X E 35 0.011 1.26 
M/S X E and F/S x E Pooled 74 0.011 1.25 
M X F /S X E 105 0.009 0.80 
Within BSSSCO/S Error 380 0.011 
BS13(S)C0 
Within BS13(S)C0/S 195 0.028* 1.33 
Hales (M)/S 39 0.038* 2.73 
Females (F)/S 39 0.041* 4.78 
M/S and F/S Pooled 78 0.039* 3.51 
M X F /S 117 0.020 0.83 
Within BS13(S)C0/S x Env (E) 195 0.021 1.12 
M/S X E 39 0.018 0.74 
F/S X E 39 0.013 0.52 
M/S X E and F/S x E Pooled 78 0.016 0.63 
M X F /S X E 117 0.025* 1.31 
Within BS13(S)C0/S Error 390 0.019 
*,** significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 28. (Continued) 
Source df Mean squares F 
BS13(S)C6 
Within BS13(S)C6/Set (S) 195 0.030* 1.36 
Males (M)/S 39 0.038* 2.06 
Females (F)/S 39 0.033 1.63 
M/S and F/S Pooled 78 0.036* 1.84 
M X F /S 117 0.026 1.07 
Within BS13(S)C6/S x Env (E) 195 0.022 0.86 
M/S X E 39 0.017 0.68 
F/S X E 39 0.019 0.76 
M/S X E and F/S x E Pooled 78 0.018 0.72 
M X F /S X E 117 0.025 0.97 
Within BS13(S)C6/S Error 390 0.026 
BSSS(R)C11 
Within BSSS(R)C11/S 193 0.009** 2.10 
Males (M)/S 38 0.022** 4.75 
Females (F)/S 39 0.012 1.68 
M/S and F/S Pooled 77 0.017** 2.85 
M X F /S 114 0.005 1.13 
Within BSSS(R)C11/S x Env (E) 193 0.005 1.02 
M/S X E 38 0.004 1.02 
F/S X E 39 0.007* 1.69 
M/S X E and F/S x E Pooled 77 0.005 1.36 
M X F /S X E 114 0.004 0.90 
Within BSSS(R)C11/S Error 386 0.004 
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Table 29. Within population analysis of variance for 300 kernel weight (g) 
in four BSSS populations pooled over sets and combined across 
environments 
Source df Mean squares 
BSSSCO 
Within BSSSCO/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BSSSCO/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





































M/S and F/S Pooled 
M X F /S 
Within BS13(S)C0/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 



























1 .16  
1.56 
1.56 
2 . 1 0  
1.83 
1.17 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 29. (Continued) 
Source df Mean squares 
BS13(S)C6 
Within BS13(S)C6/Set (S) 
Males (M)/S 
Females (F)/S 
M/S and F/S Pooled 
M X F /S 
Within BS13(S)C6/S x Env (E) 
M/S X E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





M/S and F/S Pooled 
M X F /S 
Within BSSS(R)C11/S x Env (E) 
M/S x E 
F/S X E 
M/S X E and F/S x E Pooled 
M X F /S X E 





























































1 .08  
1 .20  
1.14 
1.43 
Table 30. Estimates of genetic components of variance, their interactions with environments, and the 
ratio of additive and dominance variances for 13 traits in four BSSS populations combined 
across environments 
Genetic Components of Variance Estimatest 
Trait+ o^ AE o^ DE 










Stalk Lodging (%) 
BSSSCO 
BS13(S)C0 
0.443 0.469 0.084 0.472 1.06 
(0.214,0.763)8(0.132,0.859) (-0.081,0.277) (0.113,0.946) 
0.200 0.336 0.274 0.179 1.68 
(0.052,0.394) (0.165,0.540) (0.159,0.435) (0.010,0.398) 
0.363 0.254 0.379 0.143 0.70 
(0.171,0.623) (0.088,0.446) (0.239,0.578) (-0.039,0.376) 
0.366 0.073 0.068 0.146 0.20 
(0.244,0.546) (-0.04,0.197) (0.000,0.153) (0.003,0.330) 
2.16 2.65 16.95 -8.05 1.23 
(-4.08,9.25) (-4.30,9.91) (10.26,26.43) (-18.12,4.05) 
20.16 21.70 8.18 2.83 1.08 
(7.95,36.64) (2.71,42.92) (-1.82,20.38) (-20.42,31.65) 
10.51 3.04 9.81 34.89 0.29 
(-1.08,24.85) (-18.37,24.77) (-2.93,25.26) (7.14,70.80) 
-0.20 -0.47 1.00 0.56 2.31 
(-1.25,0.92) (-2.72,1.72) (-0.39,2.67) (-2.66,4.59) 
37.39 9.14 -1.62 5.80 0.25 
(22.44,59.15) (-13.15,32.49) (-13.06,10.76) (-23.77,43.10) 
17.03 14.98 17.08 -3.96 0.88 
(4.62,33.22) (-2.31,33.82) (6.01,31.52) (-26.51,23.63) 
BS13(S)C6 
BSSS(R)C11 










20.30 13.05 7.12 -0.46 
(9.37,35.26) (-3.36,30.80) (-1.91,18.10) (-21.81,25.82) 
9.21 6.43 4.11 -15.71 
(2.67,17.83) (-4.72,18.26) (-2.10,11.56) (-31.85,3.35) 
321.8 185.0 23.4 
(226.5,466.2) (120.1,269.8) (-1.0,53.5) 
274.4 278.9 36.1 
(177.5.418.1) (188.7,398.4) (4.0,76.5) 
216.4 70.2 28.7 









251.1 32.0 9.4 18.0 
(184.7,352.1) (-10.2,77.6) (-12.5,35.1) (-35.9,85.2) 
221.3 61.9 23.5 -12.0 
(160.7,312.8) (27.8,102.2) (5.8,46.1) (-50.5,34.7) 
343.4 29.2 31.5 28.2 
(255.7,477.1) (-7.0,68.5) (8.8,60.6) (-16.5,85.0) 













0 . 2 8  
0.09 




t o^ A, a^ D, a^ AE, and o^ de the additive, dominance, additive by environment interaction, and 
dominance by environment interaction components of variance, respectively. 
* All traits were measured at Ames, Iowa in 1992 and 1993. 
S Values in parentheses are the approximate upper and lower 90% confidence interval bounds, 
respectively, for the variance component estimates calculated according to the procedures of 
Burdick and Graybill (1992). 
Table 30. (Continued) 
Genetic Components of Variance Estimates 
Trait o2^  
Plant Height (cm) 
BSSSCO 77.4 11.9 -6.0 19.2 0.15 
(56.6,109.5) (-4.9,30.0) (-13.7,1.6) (-1.1,45.6) 
BS13(S)C0 73.2 8.5 3.4 5.0 0.12 
(53.3.103.5) (-5.6,23.5) (-4.1,12.2) (-13.4,27.9) 
BS13(S)C6 103.9 2.0 5.2 13.1 0.02 
(77.9.143.6) (-10.5,14.7) (-2.1,14.1) (-3.5,34.2) 
BSSS(R)C11 74.6 6.0 10.6 -3.3 0.08 
(53.9,105.9) (-6.1,18.7) (2.8,20.7) (-19.8,16.9) 
Ear Height (cm) 
BSSSCO 70.2 34.2 6.8 10.3 0.49 
(48.1,103.5) (16.0,56.2) (-1.7,17.1) (-8.2,34.0) 
BS13(S)C0 78.7 3.7 5.0 18.0 0.05 
(58.3,109.8) (-7.7,15.4) (-1.6,13.0) (3.6,36.6) 
BS13(S)C6 102.6 5.6 0.9 13.9 0.06 
(77.4,141.1) (-6.4,18.3) (-5.4,7.9) (-1.4,33.6) 
BSSS(R)C11 97.1 16.2 10.7 -5.8 0.17 
(71.2,136.4) (3.5,30.5) (3.2,20.4) (-21.5,13.3) 
Ears per Plant (no.) 
BSSSCO 0.004 0.004 0.005 0.003 0.99 
(0.001,0.008) (0.000,0.009) (0.002,0.009) (-0.002,0.009) 
BS13(S)C0 0.004 0.003 0.001 0.002 0.65 
(0.002,0.007) (-0.001,0.007) (-0.001,0.004) (-0.003,0.009) 
BS13{S)C6 0.006 0.000 0.005 0.006 0.07 
(0.002,0.010) (-0.004,0.004) (0.002,0.009) (0.000,0.012) 
BSSS(R)C11 
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Table 30. (Continued) 
Genetic Components of Variance Estimates 
Trait 
Kernel Depth (cm) 
BSSSCO 0.004 0.000 0.001 0.000 0.11 
(0.002,0.007) (-0.003,0.004) (-0.001,0.003) (-0.004,0.005) 
BS13(S)C0 0.007 -0.004 -0.005 0.012 -0.61 
(0.004,0.011) (-0.012,0.003) (-0.008,-0.001)(0.001,0.025) 
BS13(S)C6 0.004 0.002 -0.003 -0.002 0.41 
(0.001,0.008) (-0.006,0.010) (-0.007,0.000) (-0.013,0.012) 
BSSS(R)C11 0.003 0.001 0.001 -0.001 0.19 
(0.002,0.004) (-0.001,0.002) (0.000,0.002) (-0.003,0.001) 
300 Kernel Weight (g) 
BSSSCO 36.56 15.19 10.43 -7.00 0.42 
(23.88,55.37) (5.02,27.08) (4.20,18.68) (-19.19,7.84) 
BS13(S)C0 28.44 6.36 16.15 11.60 0.22 
(15.93,45.92) (-6.64,20.02) (6.93,28.39) (-5.13,32.82) 
BS13(S)C6 22.37 18.92 9.38 16.47 0.85 
(12.39,36.46) (7.50,32.26) (3.04,17.61) (4.62,31.86) 
BSSS(R)C11 28.19 -4.39 1.89 15.74 -0.16 
(19.90,40.68) (-12.39,3.15) (-2.92,7.49) (4.78,30.07) 
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Table 31. Heritabillty estimates (h^ ) on a half-sib progeny mean basis for 
13 traits measured in four BSSS populations combined across 
environments 
90% Confidence Interval* 







































































































t All traits were measured at Ames, Iowa in 1992 and 1993. 
* Exact 90% Confidence intervals were calculated according to the 
procedures of Knapp and Bridges (1987). 
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Table 31. (Continued) 
90% Confidence Interval 
























































































































Table 32. Phenotypic (above diagonal) and additive genetic (below 
diagonal) correlations among 13 traits based on half-sib progenies 
in four BSSS populations combined across environments 
Grain Root Stalk Pollen Silk 
Traitt Population Yield Lodging Lodging Shed Emergence 
Grain Yield BSSSCO 0.04 0.29* -0.01 -0.19 
(Mg ha"^ ) BS13(S)C0 0.41** 0.24 0.24 0.16 
BS13(S)C6 0.26 -0.04 0.23 0.15 
BSSS(R)C11 -0.04 0.09 0.31* 0.20 
Root Lodging BSSSCO -0.11 0.01 0.06 0.01 
( « )  BS13(S)C0 0.95 0.00 0.18 0.16 
BS13(S)C6 0.85 0.00 0.25 0.20 
BSSS(R)C11 -0.20 0.23 0.12 0.02 





(8) BS13(S)C0 0.03 0.12 -0.28* -0.30* 
BS13(S)C6 0.25 0.05 0.09 0.00 
BSSS(R)C11 -0.06 0.88 0.01 -0.08 
Pollen Shed BSSSCO -0.09 0.22 -0.02 0.88** 
(GDU °C) BS13(S)C0 0.56 0.24 -0.50 0.90** 
BS13(S)C6 0.39 0.47 0.01 0.90** 
BSSS(R)C11 0.39 0.62 -0.09 0.93** 




 1 -0.12 0.92 
(GDU °C) BS13(S)C0 0.43 0.29 -0.65 0.96 
BS13(S)C6 0.36 0.46 -0.14 0.93 
BSSS(R)C11 0.30 0.04 -0.14 0.95 
Plant Height BSSSCO 0.38 0.42 0.36 0.30 0.19 
(om) BS13(S)C0 0.62 0.56 0.04 0.50 0.48 
BS13(S)C6 0.45 0.74 -0.16 -0.01 0.58 
BSSS(R)C11 0.41 0.84 0.12 0.57 0.58 
*,** Significant at the 0.05 and 0.01 probability levels respectively. 
t All traits were measured at Ames, Iowa in 1992 and 1993. 
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Plant Ear Ears Per Kernel Row Ear Kernel 300 Kernel 
Height Height Plant Number Length Diameter Depth Weight 
0.25 0.21* 0.65«* -0.15 0.49** 0.17 0.14 0.23 
0.43** 0.41** 0.33* -0.07 0.25 0.17 0.25 0.19 
0.37** 0.31* 0.59** 0.05 0.44** 0.39** 0.37** 0.46** 
0.36** 0.38** 0.36** -0.18 0.28* 0.24 0.22 0.47** 
0.18 0.17 -0.05 -0.10 0.23 -0.09 0.03 0.21 
0.42 0.47** 0.27* 0.12 0.02 0.26 0.26 0.09 
0.38** 0.26 0.23 -0.04 0.26 0.12 0.13 0.15 
0.16 0.25 0.00 0.12 -0.20 0.19 0.18 0.09 
0.32* 0.33* 0.19 0.09 0.26 0.17 0.10 0.00 
0.02 0.09 -0.03 -0.13 -0.17 0.05 0.09 -0.07 
-0.06 0.16 0.18 -0.02 -0.08 -0.16 -0.16 -0.17 
0.09 0.24 0.07 -0.05 0.08 0.18 0.17 0.08 
0.27* 0.53** 0.01 0.12 -0.03 0.22 0.17 -0.09 
0.45** 0.43** 0.11 0.22 0.16 0.15 0.09 0.17 
0.44** 0.67** 0.39** 0.22 0.23 0.23 0.06 0.07 
0.54** 0.56** 0.01 -0.05 0.17 0.19 0.11 0.27* 
0.19 0.41** -0.14 0.21 -0.10 0.21 0.14 -0.11 
0.42** 0.31* 0.07 0.27* 0.21 0.08 -0.01 0.08 
0.48** 0.56** 0.25 0.23 0.25 0.20 0.02 0.09 
0.51** 0.47** -0.15 0.03 0.17 0.18 0.05 0.24 
0.60** 0.25 -0.14 0.51** 0.00 -0.04 0.10 
0.81** -0.09 0.10 0.19 0.34* 0.29* 0.24 
0.74** 0.24 -0.02 0.17 0.30* 0.29* 0.25 
0.77** -0.05 -0.05 0.28 0.21 0.03 0.23 
Table 32. (Continued) 
Grain Root Stalk Pollen Silk 
Traitt Population Yield Lodging Lodging Shed Emergence 
Ear Height BSSSCO 0.38 0.43 0.49 0.51 0.40 
(cm) BS13(S)C0 0.65 0.71 0.08 -0.03 -0.02 
BS13(S)C6 0.43 0.51 0.18 0.69 0.61 
BSSS(R)C11 0.42 0.10 0.18 0.58 0.50 
Ears Per Plant BSSSCO 0.76 -0.35 0.26 0.08 -0.08 
(no.) BS13(S)C0 0.48 0.70 -0.03 0.21 0.19 
BS13(S)C6 0.70 0.49 0.53 0.15 0.16 
BSSS(R)C11 0.36 0.11 -0.27 0.10 -0.15 
Kernel Row Number BSSSCO -0.21 -0.30 0.15 O.lO 0.24 
(no.) BS13(S)C0 -0.11 0.23 -0.25 0.25 0.36 
BS13(S)C6 0.05 -0.03 -0.08 0.27 0.27 
BSSS(R)C11 -0.23 -0.19 -0.15 -0.05 0.03 
Ear Length BSSSCO 0.59 0.71 0.27 0.08 -0.02 
(cm) BS13(S)C0 0.10 -0.01 -0.16 0.25 0.35 
BS13(S)C6 0.28 0.73 -0.04 0.34 0.42 
BSSS(R)C11 0.22 -0.58 0.14 0.23 0.24 
Ear Diameter BSSSCO 0.16 -0.61 0.09 0.36 0.42 
(cm) BS13(S)C0 0.04 0.61 0.19 0.18 0.19 
BS13(S)C6 0.42 0.36 -0.36 0.27 0.23 
BSSS(R)C11 0.18 0.67 0.03 0.19 0.21 
Kernel Depth BSSSCO 0.17 -0.21 0.07 0.31 0.30 
(cm) BS13(S)C0 0.32 0.58 0.29 0.04 -0.02 
BS13(S)C6 0.56 0.29 -0.43 0.02 -0.09 
BSSS(R)C11 0.16 0.16 0.09 0.09 0.02 
300 Kernel Weight BSSSCO 0.31 0.35 -0.05 -0.03 -0.12 
(g) BS13(S)C0 0.05 0.04 0.11 0.25 0.18 
BS13(S)C6 0.36 0.22 -0.07 0.04 0.08 
BSSS(R)C11 0.43 0.59 0.02 0.30 0.27 
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Plant Ear Ears Per Kernel Row Ear Ear Kernel 300 Kernel 
Height Height Plant Number Length Diameter Depth Weight 
0.65 0.26 -0.01 0.27* 0.18 0.14 -0.02 
0.86 0.07 0.00 -0.05 0.39** 0.34* 0.25 
0.76 0.44*« 0.12 0.16 0.26 0.16 0.07 
0.80 0.10 -0.17 0.13 0.20 0,09 0.31* 
0.38 0.33 -0.31* 0.34* -0.10 -0,15 -0.05 
-0.12 0.08 -0.34* 0.13 -0.03 -0.05 -0.06 
CM O





0.07 -0.05 0.00 -0.10 0.07 -0.22 
-0.17 -0.03 -0.55 -0.31* 0.56** 0.31* -0.48** 
0.09 -0.03 -0.56 0.06 0.16 0.08 -0.39** 





-0.16 -0.08 -0.42** 0.51** 0.39** -0.31* 
0.70 0.42 0.35 -0.41 -0.11 -0.08 0.17 
0.21 -0.02 0.10 0,11 -0.01 -0.08 -0.02 
0.14 0.16 0.42 -0.04 0.09 -0.03 0.17 
0.31 0.19 0.03 -0.46 -0.32* -0.33* -0.11 
0.01 0.24 -0.28 0.65 -0.39 0.66** 0.14 
0.34 0.44 -0.19 0.15 -0.22 0.90** 0.37** 
0.34 0.29 -0.05 0.40 -0.10 0.89** 0.22 





1 0.14 -0.46 0.41 -0.09 0.78 0.18 
0.26 0.35 -0.14 0.05 -0.18 0.93 0.31* 
0.38 0.18 -0.12 0.30 -0.27 0.88 0.25 
-0.04 0.05 -0,08 0.47 -0.56 0.83 0,27* 
0.16 0.03 -0.07 -0.54 0.14 0.05 0.16 
0.30 0.37 -0.13 -0.57 -0.13 0.55 0.41 
0.30 0.09 -0.18 -0.45 0.03 0.23 0.35 
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45- Mean = 5.00 45- Mean = 5.62 










0-n T—r'-T-N^^ -T^ y 'T' 1 1 1 I 1 
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0- rH— 1 1—r—I—1—1 ' 1 ' 1 —1 
1.685 2.795 3.905 5.015 6.125 7.235 
Grain yield (Mg ha~^) 
1.685 2.795 3.905 5.015 6.125 
Grain yield (Mg ha~^) 
7.235 
Fig. 1. Frequency distribution, mean, and phenotypic standard deviation for grain yield of_full-
;ib prSeniL from BSSSCO, BS13(S)C0, BS13{S)C6, and BSSS(R)C11 maxze populatxons.^ Dxstances 
between class intervals are one half of a phenotypic standard deviation of the BSSSCO 
population. Vertical lines represent the population means. 
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GEHERAL CONCLUSION 
The overall objective of the two studies in this dissertation was to 
determine the effects of three different recurrent selection methods (HS 
progeny, S2-progeny, and RRS) on the estimates of population parameters for 
various traits of interest in BSSS maize populations per se. 
In the first study, where the genetic materials were primarily 
evaluated for grain yield of machine-harvested plots at multiple 
environments, the results showed that HS progeny and RRS methods have been 
more effective than S2-progeny selection for improving the mean performance 
for grain yield of the BSSS populations per se. Response of grain yield in 
BSSS populations to Sj-progeny selection in this study has not followed 
theoretical expectations. This study showed that dominance variance plays 
an important role in grain yield in BSSS maize populations and this 
importance provides for more effective response from selection with 
testcross selection methods that can take advantage of dominance genetic 
effects. With adequate levels of available additive genetic variance 
remaining and high heritability estimates for all traits, future response 
from selection should be achieved from each selection method. However, HS 
progeny and RRS methods that have the ability to take advantage of 
dominance genetic effects, may be more appropriate in BSSS maize 
populations. Secondary selection pressure on important agronomic traits, 
when the primary trait under selection is grain yield, was effective for 
maintaining or improving their level in the advanced population. 
In the second study, where the genetic materials were evaluated for 
13 plant and ear traits measured from hand-harvested plots at two 
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environments, the BRS method was found to be the most effective at 
improving the mean performance of grain yield for the BSSS populations per 
se. The magnitude of the linear response to S2-progeny selection in this 
study was consistent with the first study, but HS and RRS methods produced 
significantly smaller population per se responses. Differences in 
population per se response among studies may be a function of the number of 
environments in which the materials were evaluated and/or differences in 
methods of evaluation and data collection. Variance component estimates 
showed very little significant change for the majority of the traits with 
all three selection methods. In general, the largest portion of the total 
genetic variance for all traits consisted of additive variance. However, 
dominance variance was shown again to play an important role in grain yield 
in the BSSS maize populations evaluated. Selection pressure on important 
agronomic traits did not appear to adversely affect the mean performance 
and genetic parameters of other unselected agronomic traits. 
142 
REFERENCES 
Blackburn, D.J. 1988. Preliminary evaluation of two recurrent selection 
procedures in maize. M.S. thesis. Iowa State Univ., Ames. 
Comstock, R.E. 1964. Selection procedures in corn improvement. Proc. Ann. 
Corn Sorg. Ind. Res. Conf. 19:87-94. 
Comstock, R.E., H.F. Robinson, and P.H. Harvey. 1949. A breeding procedure 
designed to make maximum use of both general and specific combining 
ability. Agron. J. 41:360-367. 
Choo, T.M. and L.W. Kannenberg. 1979. Relative efficiencies of population 
improvement methods in corn: A simulation study. Crop Sci. 19:179-
185. 
Cress, C.E. 1966. A comparison of recurrent selection systems. Genet. 
54:1371-1379. 
Eberhart, S.A., S. Debela, and A.R. Hallauer. 1973. Reciprocal recurrent 
selection in the BSSS and BSCBl maize populations and half-sib 
selection in BSSS. Crop Sci. 13:451-456. 
Empig, L.T., C.O. Gardner, and W.A. Compton. 1972. Theoretical gains for 
different population improvement procedures. Univ. of Nebraska Agric. 
Exp. Stn. Bull. Misc. Publ.26. Revised. 
Falconer, D.S. 1989. Introduction to quantitative genetics. 3rd ed. John 
Wiley & Sons, Inc., New York. 
Hallauer, A.R. 1970. Genetic variability for yield after four cycles of 
reciprocal recurrent selection in maize. Crop Sci. 10:482-485. 
Hallauer, A.R. 1985. Compendium of recurrent selection methods and their 
application. Critical Rev. Plant Sci. 3:1-34. 
Hallauer, A.R., and J.B. Miranda, £*0. 1988. Quantitative genetics in maize 
breeding. 2nd ed. Iowa State University Press, Ames, Iowa. 
Hallauer, A.R., W.A. Russell, and O.S. Smith. 1983. Quantitative analysis 
of Iowa Stiff Stalk Synthetic, p. 83-104. In J.P. Gustafson (ed.) 
15th Stadler genetics symposium. 14 June 1983. Univ. of Missouri, 
Columbia, MO. Missouri Agric. Exp. Stn., Columbia. 
Helms, T.C., A.R. Hallauer, and O.S. Smith. 1989a. Genetic drift and 
selection evaluated from recurrent selection programs in maize. Crop 
Sci. 29:602-607. 
Helms, T.C., A.R. Hallauer, and O.S. Smith. 1989b. Genetic variability 
estimates in improved and nonimproved 'Iowa Stiff Stalk Synthetic* 
maize populations. Crop Sci. 29:959-962. 
Hull, F.G. 1945. Recurrent selection for specific combining ability in 
corn. J. Am. Soc. Agron. 37:134-145. 
143 
Jenkins, M.T. 1940. Segregation of genes affecting yield of grain in maize 
J. Am. Soc. Agron. 32:55-63. 
Keerantinijakal, V., and K.R. Lamkey. 1993a. Responses to reciprocal 
recurrent selection in BSSS and BSCBl maize populations. Crop Sci. 
33:73-77. 
Keerantinijakal, v., and K.R. Lamkey. 1993b. Genetic effects associated 
with reciprocal recurrent selection in BSSS and BSCBl maize 
populations. Crop Sci. 33:78-82. 
Lamkey, K.R. 1992. Fifty years of recurrent selection in the Iowa Stiff 
Stalk Synthetic maize population. Maydica 37:19-28. 
Lamkey, K.R. and A.R. Ballauer. 1985. Performance of high x high, high x 
low, and low x low crosses of lines from the BSSS maize synthetic. 
Crop Sci. 26:1114-1118. 
Penny, L.H. and S.A. Eberhart. 1971. Twenty years of reciprocal recurrent 
selection with two synthetic varieties of maize (Zea mays L.). Crop 
Sci. 11:900-903. 
Schnicker, B.J.. and K.R. Lamkey. 1993. Interpopulation genetic variance 
after reciprocal recurrent selection in BSSS and BSCBl maize 
populations. Crop Sci. 33:90-95. 
Smith, O.S. 1979. A model for evaluating progress from recurrent selection. 
Crop Sci. 19:223-226. 




I would like to thank my major professor. Dr. Kendall R. Lamkey, for 
the opportunity to study for my Ph.D. degree at Iowa State University. His 
timely advice, understanding, and excellent editorial suggestions during 
the preparation of this dissertation were invaluable. I would, also, like 
to thank the members of my graduate committee. Dr. Arden Campbell, Dr. 
Albert E. Freeman, Dr. Arnel R. Ballauer, and Dr. Paul N. Binz for their 
time and help during my graduate studies. 
Special thanks go to Dave G. Guy, Jim B. Sears, Paul R. White, and my 
fellow graduate students, past and present, on the corn project for their 
technical assistance with my field experiments and for their friendship 
over the years. 
I would like to dedicate this thesis to my parents, Richard and 
Annella, and the rest of my family whose love and support throughout my 
college career made the completion of this study possible. 
145 
APPENDIX 
Table Al. Experiment 20566 analysis of variance, means, and coefficients of variation (CV) for five 
traits recorded at Ames, Iowa in 1992 
Mean squares 
Source df 
Grain Yield Grain Moisture Root Lodging Stalk Lodging Ear Height 





























Mean 7.11 191 6 . 8  9.8 108 
CV (%) 9.2 5.8 94.0 66.4 5.5 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A2. Experiment 20666 analysis of variance, means, and coefficients of variation (CV) for five 
traits recorded at Ankeny, Iowa in 1992 
Mean squares 
Source df 
Grain Yield Grain Moisture Root Lodging Stalk Lodging Ear Height 





























Mean 7.75 203 3.0 11.7 121 
CV (%) 11.4 5.0 132.4 6 2 . 1  4.8 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A3. Experiment 20766 analysis of variance, means, and coefficients of variation (CV) for five 
traits recorded at Crawfordsville, Iowa in 1992 
Mean squares 
Grain Yield Grain Moisture Root Lodging Stalk Lodging Ear Height 
Source df (Mg ha~l) (9 kg-l) (%) (%) (cm) 
Set (S) 13 16.324** 3850.7** 46.15** 75.57** 2990.7** 
Replication/S 14 1.958** 185.6 9.83 16.59 75.4 
Entry/S 874 1.261** 783.7** 11.12** 23.95** 231.7** 
Error 874 0.451 143.5 6.12 14.77 45.0 
Mean 4.21 209 1.6 5.6 90.3 
CV (%) 16.0 5.7 152.4 69.2 7.4 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A4. Experiment 30566 analysis of variance, means, and coefficients of variation (CV) for five 
traits recorded at Ames, Iowa in 1993 
Mean squares 
Source df 
Grain Yield Grain Moisture Root Lodging Stalk Lodging Ear Height 





























Mean 2.46 283 2.3 13.0 113 
CV (%) 14.8 6 . 6  154.8 45.4 4.8 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A5. Experiment 30666 analysis of variance, means, and coefficients of variation (CV) for four 













































*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A6. Experiment 30766 analysis of variance, means, and coefficients of variation (CV) for four 













































*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A7. Experiment 20567 analysis of variance, means, and coefficients of variation (CV) for 13 
























Set (S) 12 2.264** 65.13** 125.09** 3713.0** 2970.2** 1791.8** 1858.1** 
Replioation/S 13 1.445** 18.27 62.11 705.8** 481.5** 210.0** 166.7** 
Entry/S 812 1.605** 31.21** 63.16** 684.4** 794.6** 138.4** 267.5** 
Error 812 0.555 11.90 38.46 88.3 96.9 27.0 30.5 
Kean 7.04 1.9 8.3 813 824 227 113 



















Set (S) 12 0.021** 9.69** 4.46** 0.46** 0.071** 782.82** 
Replication/S 13 0.003 1.21** 2.56** 0.10 0.052* 1018.04** 
Entry/S 812 0.014** 4.20** 2.23** 0.13** 0.030** 116.44** 
Error 812 0.007 0.41 0.69 0.09 0.026 34.34 
Mean 1.01 16.1 16.2 4.6 0.83 68.3 
CV (%) 8.3 4.0 5.1 6.5 19.2 8.6 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A8. Experiment 30567 analysis o£ variance, means, and coefficients of variation (CV) for 13 
























Set (S) 12 12.947** 812.96** 958.99** 3132.6** 3581.1** 9523.7** 1572.7** 
Replication/S 13 1.191** 140.56** 64.04 569.7** 619.4** 8730.9** 246.4** 
Entry/S 812 1.960** 92.21** 111.88** 727.1** 1228.7** 194.2** 248.5** 
Error 812 0.205 53.90 60.22 110.6 178.5 47.0 33.4 
Mean 3.39 3.8 13.2 869 883 220 110 



















Set (S) 12 0.174** 7.98** 23.79** 0.47** 0.063** 752.39** 
Repllcatlon/S 13 0.021** 0.64 1.19* 0.05* 0.008 47.54** 
Entry/S 812 0.041** 4.55** 2.01** 0.09** 0.022** 69.08** 
Error 812 0.010 0.43 0.69 0.03 0.005 16.18 
Mean 0.85 16.5 13.8 4.1 0.69 50.8 
CV (%) 11.8 4.0 6.0 4.0 9.8 7.9 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
